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Massi e housing projects have shown that prospect ive users are rarely 
gIven the opportunity to part ic ipate in  the design decisions . Subsequent ly, such 
schemes commonly fai l  to accom modate a l l  the ir  needs . I n  the Emirate of Abu 
Dhabi ,  the housing projects that aim at resett l ing of Bedouin into newly 
developed urban comm unit ies are state-funded .  Many of these houses that were 
bui l t  in the late seventies and early eighties were transferred back to the state ( in  
a very bad condit ion due to  the users random modifications and addit ions) in  
exchange of newer better houses. The lack of an adaptive design concept that 
can accommodate their changing needs also contributed to th is  problem . This 
thesis addresses the current problem and identifies user-responsive and 
environment-sensit ive recommendations for future state funded housing 
schemes. 
A genera l  reVieW of the avai lable l i terature is conducted along with past 
local efforts made to deal with the problem.  In order to better understand the 
causes contributed to the user modifications and additions, data were col lected 
and analyzed as part of the methodology used in the study. The United Arab 
Emirates c l imate and topography i s  studied in  order to analyze the natural 
VI 
en ironment impact on the housing in general. In addit ion, contextual impacts 
were studied with respect to the current housing prototypes in the study area. 
The soc lal environment impacts are also addressed to conc lude a user responsive 
and environment sensit ive recommendat ions for future housing schemes. 
The purpose of the case study is to demonstrate the natural and 
psychosocial environm ents af fects on state funded houses and the inhabitants 
adaptat ions in response . Accordingly the concl usion drawn from this study 
should benefit the future housing schemes in reducing or e l iminating the 
undesired modifications. Although the state funded housing represent the l argest 
stack of housing in Abu Dhabi emirate, much factors and considerations 
regarding environmental  impacts were overlooked . Both natural environment 
and psychosocial environment consideration need further assessment in terms of 
their impact on any future upgrading scheme .  The research highl ights many 
recommendations regarding  p lanning, designing, and upgrading schemes of state 
funded housing. 
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1.0 Introduction: 
Humans l ive within the boundaries of the environment, this environment 
a mul t ifaceted phenomena, where Einstein defines it as "every thing that isn ' t  
me " . I As iron ic and unscient ific phrase as it looks, it captures the essence of the 
meaning. Thi small word suggests different things to different people .  To the 
meteorologist and c l imatologist, for instance, it usual ly means the atmosphere . 
To the environmental engineer, i t  usual ly means the atmosphere in an enclosed 
space, such as ( factory, office space or hospital . . .  etc) which the engineer has to 
maintain in a safe, healthy and comfortable state .  To the ecologist, the 
environment IS synonymous with the term habitat, within which plants and 
animals l ive 2 In more scientific context it could be defined ecological ly as the 
sum of al l -external conditions and influences affect ing the l i fe and development 
f 
. l o orgamsms . · 
I n  the context of this research we sha l l  define the environment as a l l  
external and internal conditions and influences affecting the state funded 
housing.  Ecological ly, two mam aspects of the environment are usual ly 
considered the (abiotic) and the ( biotic) where is the abiot ic is the "non-l iving 
environment" and the biotic is " the l iving environment" :� In the same sense the 
environment IS divided into a physical environment or a "non-l iving 
environment" and a human environment or " a l iving environment ". The 
physical environment is also subdivided into a natural environment and a bui l t  
2 
or the urban envIronment,  whereas the human environment is subdl ided into 
both social and psychologIcal en ironments . As i l l ustrated in the fol lowing 
figure ( Figure 1 ), state funded housing is shown to be influenced by : 1 )  natural 
enV I ronment. 2) urban environment. 3 )  social environment . 4) psychological 
enVI ronment. 
NATURAL 
ENVIRONMENT 
P HY SICAL 
E N VI RON M ENT 
�rEN:O�NT I 
F I GURE (1): THE MAIN ENV IRONMENTS AFFECTING THE 
STATE FUNDED HOUSES.  
l.JJ 
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1. 1 Definitions ,  res �arch ration ale a n d  sign ifican ce. 
Definition of terms:  
The natural  environment: 
The natura l  environment is defined as  " a l l  things in a given area or region 
that are not human made ' .5 General ly the environment is " the total of al l the 
natural condit ions . . . .  I nc luding air, water, soi l ,  mineral s, c l imate and the 
orgamsms themselves ,.6 Climate is the essential factor affecting the state funded 
hOllsing, so in studying the natural environment we shal l be concerned mainly 
with the c l imatological condit ions.  
The urban  environment:  
Man and environment have been and wi l l  be the central theme in many 
fields Whenever, we attempt to explain this relat ionship, it becomes 
increasingly difficult to deal with it either conceptua l ly  or methodological ly .  
The reason is not j ust the constant ly changin g  re lationship of man and his 
environment over t ime and space, but al so the fact that a large and an increasing 
proport ion of the population l ive in  the boundaries of a man made environment 
of the so cal led urban areas .7 
The definit ion of urban or urbanism is " the confederation or union of 
neighboring c lans resort ing to a center used as a common meeting place for 
5 
\-"or hIp, protection etc . ,  hence the political or sovereign body fonned by such a 
community ' . � Another definition is that an urban area is " a composite of cel l s. 
neighborhoods or comm unities where people work together for the common 
good ".9 A th i rd definition states that urban areas are " locations where there is 
opportunity for a diverse type of l iving environment and l i fe styles . . . . " . 10 
Clearl y  the term urban has a number of meanings; it may refer to a special 
form (city as opposed to country), to a cu ltu ral pattern ( urbanism as opposed to 
rural ism, as way of l i fe )  or to a structural form (e .g  the city as a source of 
control in an urban hierarchy) and often the dist inction between these aspects is 
increasingly difficult . II 
I n  this research the urban environment refers t o  " the bui l t  environment " 
or the man made or human organ ized one such as (bui lding and other major 
structures, roads, bridges and the l ike) .  This environment consists of, the urban 
design and bui ld ing des ign (archi tecture) and landscape . 
The urban design 4 <  is  the specific laying out of roads bui ldings, and other 
urban elements with regard both to efficiency and visual effect. While the 
bui ldmg design is the detail design including constructional m aterials and 
methods, of indiVIdual and groups of bui ldin gs and of structures , with in the 
context of the overal l  urban design,,12 and landscape 4 <  is  the art of arranging 
and fitting land for human use and enjoyment, where is the role of the landscape 
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engmeer I to apply engineering princ ip les and methods to planning, design and 
con truction of natural scenery arrangements on a tract of land" . 13 
The social  & psychologica l environment: 
The social environment i the "environment consist ing of social 
phenomena" . 14 It i s  relatively a new area of inquiry discovered in late 1 960s.  I t 
examme the ocial d imensions of environmental problems, including the 
complex interre lat ions between human societies and their physical environment 
however, societies affects their environment and, in  turn , are affected by 
changing environmental condi t ions . 
This environment inc ludes various social and cul tural factors such as the 
social behavior of others; morals, norms, and the social processes l ike the 
(occupation, res idence, economic  stah ls, health condit ions, and educat ion ). 
The psychological environment is " the environment as perceived by a 
person, interactive product of persons and their environment " . 15 This 
environment forms a very large port ion of the human environment. (Privacy, 
territorial i ty, security, personal izat ion, etc . . .  ) are the mam products of this 
interactive environment . 
After shading some l ight on each one of these environments we have to 
state that th is  divi sion is  art ificial in the sense that these environments does not 
have a sharp defini t ive boundaries, separating the natural from social ,  or 
psychological environment 
7 
Since each one of them affects and effected by the others . Also the total 
surrounding or the general environment affecting the state funded housing is a 
multi faceted problem . In order to manage the scope of this study, on ly those 
aspects �hich ha e direct impact on the subject are ident i fied, measured, and 
discussed. 
Human settlements :  
Food, clothing and shel ter for human in suitable quantity and quality are 
the three most i mportant and basic necessit ies without which l ife is 
inconceivable .  The need for shel ter or proper housing was and wi l l  be a basic 
necessity through out a l l  generations. I t suffices that the flfst indications of 
organized sett led comm un ity was discovered in early history of human 
eX Istence. 
H uman settl ement by definition, is where man l ive in community either 
rural or urban. Its deve lopment involves a transformat ion of the natural 
environment i nto a manmade environment . The human community belongs to a 
natural ecological system but at the same t ime it has the power to modify its 
natural ecosystem in  ways which are antithetical to nature, man cal ls this 
modificat ion development. 
Hou ing :  
8 
Housing is a reflection of the human sett lement and its development . The 
manmade environment, the house, production of serv ices, (water, l ight, 
anitation) and generat ion of income and employment by industry, 
commerce, and agricult ure are the major ingred ients of the development of 
I 16 human sett ements . 
It is necessary to extend the concept of housing in order to include the 
whole residential environm ent and not only the dwel l ing units .  As the national 
housing bank became aware of a need to expand the concept of the housing 
definition, this awareness stemmed from the recognit ion of the fact that the 
dwel l ing, al though an essential requirement for a fami ly'S welfare, was not 
sufficient in itse lf  to guarantee the raising of l iv ing standards, especial ly for low 
income groups. The concept of housing was enlarged in order to include the 
residential environment ,  which incorporates in  addit ion to the physical structure 
that the fam i ly uses as a shelter, a l l  necessary services and faci l it ies required for 
the physical and social wel l -being of the fam i ly .  I ndividual programs of health,  
education, employment environmental improvement in  such circumstances was 
preferred over the need to provide direct housing services . I7 
Further modification to the simpl i fied conception of housing was made . 
The house was defined as a col lection of fac i l i t ies for intensive services in one 
physical locat ion, and suggested that the meaning of the term varies with 
different social economic and fam i l iar condit ions .  The house in its residential , 
9 
context was not considered only as a she lter, but as a faci l ity that should match 
the basic criteria that l i nks the fami ly l ife with the environment .IX 
The sta te fu nded housing: 
The state funded housing schemes in the gulf region is m istakingly called 
the low income housing, whi le  in the rest of the world and specifical ly in the 
third world this kind of governmental housing may be considered of a very high 
qual ity in bui lding standards, that doesn't match the Low i ncome definit ion. 
Internat ional ly, the low income housing is " the housing for the poor and 
deprived m i l l ions with very low l iving conditions or the low-cost housing that 
consider the l im ited official resources of the government " . 19 The state funded 
housing in the gulf  region could be defined as the common housing provided by 
the government mainly to settle  the Bedouins and to improve the l iving 
condit ions and the social standards of the sett led groups. 
The confusion between both concepts must be cleared because each 
concept (the state funded housing, the low income housing ) suggests different 
procedure or method of treatment in solving its problems.  For example, the 
economic factor is a very i mportant factor in deal ing with low income housing 
projects, whi le th is  factor might not be of equal importance in the governmental 
or state funded housing, particularly in this part of the world .  
1 0  
Rationa le, sign ifica nce, or need for the study : 
Since the discovery of oi l  and the subsequent rise in  population there has 
been an increa ing demand in both the quantity and qual ity of housing. The 
government took a special interest in this sector to provide adequate housing for 
Its burgeoning popu lation, and to contribute in  sett l ing the nomadic dwel lers , 
and genera l ly  to improve the l iving standards of its cit izens . 
Part icu larly one type of housing has shown a significant mcrease m 
numbers i n  recent years, it is the state funded housing falsely named the low 
income housing (F igure 2 ) .  This form of housing is normal ly financed by the 
government, where as the ministry of publ ic works and housing is responsible 
for the construct ion of federal housing schemes, and the mun icipalit ies and 
special ized housing counci l  carry out regional projects .20 
I n  (Table 1 ) the total n umber of state funded houses in the Emirate of 
Abu Dhabi is ( 1 724 1 ) houses, which is the higest if compared with other 
budding type, It represents 33 .68 % of the total bui ldings in the Emirate of Abu 
Dhabi, (F igure 3) .  
I n  AI  Ain region ( town and rural ) the cumulat ive number of distributed 
state funded houses is (906 1 )  units .  The pace of these bui ldings cont inue to 
grow. This number represents a very important part of the country infrastructure . 
(Table 2 ) and ( Figure 4 ) .  
The state funded houses and their necessary services, such as the supply 
of water and electricity, transportation and health care, . . .  etc . beside the 
1 1  
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adequate soc lal and natural en ironment, represents the spinal cord of the state 
infra tmctur e . Thus, the analysis of its problems provide sign ificance to th1S 
re earch . It should be noticed that if  problem of state funded housing are ignored 
and treated w1th indi fference, the consequences would impact most if  not al l  of , 
urban infrastructure .  
1.2 Problem statement, hypothesis , goals a nd objectives: 
Problem sta tement :  
Man y  informal and random modifications and addit ions are noticed in the 
state funded housing in order to adapt to the external and i nternal environmental 
conditions which affect th i s  k ind of housing leading to unsatisfactory situation . 
The exist ing condit ions or designs  do not suite the present situation of its 
inhabitants from an environment, social, and a psychological factors. Those 
factors are the main aspects of the urban structure .  
(Table 3 )  and (F igure 5 )  represent the bui lding construction pennits 
issued in  AI Ain town on the period from 1 992 to 1 996 . The permits for annex 
or additions to state funded houses represent the h ighest values . These 
modifications and addit ions cost firstly the government, and secondly the 
owners of these houses. Where the total cost consists of money spent on the 
alterations beside the t ime and effort of redesign ing and construct ing the 
modifications .  
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1992 1 1 1 6  224 445 39 
1993 840 181 585 42 
1994 7 1 1 31 2 08 43 
1 995 796 56 229 33 
1 996 884 1 1 6 282 73 
TAB L E  (3)' BUI LDING CONSTRUCTION PERM ITS ISSUED - AL A IN TOWN ( 1992-1996). 
o lNDUSTRIAL SI lOPS 
4 53°'0 
o RESIDENTIAL VILLAS 
1 7 50% 
o RESIDENTIAL ANNEXES 
19 62 % 
LABOR Sf illDS 
• 0 00% 
FIGURE (5). TYPE OF PERM ITS [SSUED IN 1996. 
o COMMERCIAL BUILDINGS 
2 86% 
8 
42 
23 
0 
0 
SOURCE T1 IE STAflSTICAL SECTION IN TIill DEPARTMENT OF PLANNING, STATISTICAL YEAR BOOK 1996 PPJ66 
11 
1() 
32 
38 
46 
o GOVERNMENT BUILDTWrS 
0.62 % 
44 
69 
11 
1 0 
1 0 
ANNEX OF STATE FUNDFD 
HOUSES 
54 �no,u 
....... 
Vl 
1 6  
Re ea rch hypotheses : 
From observations, pi lot study, experiences in  the maintenance projects at 
the municipal i ty, and l i terature, the fol lowing hypotheses are noticed: 
1. The modifications and additions in  the state funded housing are executed 
in order to meet various considerat ions of the environment : natural 
aspects, social & psychological . 
2. The design of the state-funded housing is  not suitable for the 
environmental condit ions ( natural ,  social and psychological conditions) 
which causes many modification and addit ion in  adaptation with  this 
environment .  
This research I S  designed to test these hypotheses both qual itat ively and 
quantitat ively .  
Research goa l  a nd objectives : 
This research aims at having a better understanding of the existing 
conditions of the state funded housing by: 
1 .  Defining the environmental ( natural, social  and psychologica l )  impact on 
housing .  
2 .  Analyzing the i nhabitants adaptat ions III response or  react ion to  such 
environmental impact . 
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3. Recommending a methodical solutions of such stock of housing in order 
to accommodate the diverse environmental factor related to the natural 
the social or the psychological aspects . 
4. Reducing or e l im inating the undesirable modifications and addit ions, that 
rna save cost and efforts. 
1.3 Operationa l  definition: 
The state-ft mded housing IS not suitable for its occupIers from the 
fol lowing aspects :  
1 .  The natural envi ronment : 
The natural environment IS defined in  term of (temperature, humidity, 
wind, sand storms, rainfa l l ,  solar angle and radiat ion etc . . .  ) .  C l imate (from 
Greek : K l ima) "is defined by oxford dictionary as region with certain 
condit ions of temperature, dryness, wind, l ight etc . . .  " A somewhat more 
scient ific defi nit ion is -, an i ntegration i n  t im e  of the physical states of the 
atmospheric environment, characteristic of a certain geographical location . . .  " 
or it cou ld  be defined as " the integrat ion in t ime of weather conditions" .2 1 
Data i s  gathered from references and the c l imatological stations beside 
maps, draw ings, and photographs of the exist ing condition of the houses .  
2. Social and psychological envi ronment : 
The social and cul tural factors affect ing the state ftmded housing are 
defined in terms of social values and norms and behaviors, the occupation the 
economic state, heal th condition, education . Standard q uestioners, annotated 
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diagrams, drawings, photographs and sketches mainly are used to analyze these 
environmental effects . 
2.0 Literature review: 
2.1 The natural environment :  
The environment i n  general and the  bui l t  environment components that 
affect the mans environment such as space, l ight, sound, heat, resources, and 
how to measure these effects are thoroughly studied in Szokolay book .22 
Szokolay remarked that the thermal control requ irement i n  bui ld ings is 
'fi d 23 specI Ie as: 
" Outdoor conditions - comfort condit ion = required controls, " 
The controls may be passive,the control function of the bui lding, or 
actIve - energy based instal lat ions, However, designer should not substitute 
expensive and energy consuming equipment for good des ign .  
Also h e  added that c l imate i s  the main determinant of thermal condi t ions 
In bui ldings, For example,  the objecti ves of passive thermal controls when hot 
discomfort conditions prevai l  are to prevent heat gam and to maximize heat 
dissipation . 
I f  a c l imate analysis in  a given location indicates i ts belonging to one of 
the four basic c l imate types, major design decisions can be made on a purely 
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qualitat ive basis .  Also the desirable t ime lag and venti lation, considerat ions is 
studied based on the location of the bui lding in the c l imatic zone .  
A summarized account of the shelter of hot-d ry c l imates is  i l l ustrated in 
the manual of tropical housing and bui lding book .24 The nature of the c l imate , 
the physiological object ives, the form and planning of bui ld ing, the external 
spaces, roofs, wal ls ,  openings, surfaces, vent i lation and air flow in most 
sensitivity to hot arid c l imate is discussed and studied beside some examples of 
the traditional shelter in the c l imate zone in terms of its advantages and benefits .  
In the tropical design field, Patricia Tutt and David Adler 25added 
detailed i nf01IDation about  the thermal  performance requ irements i n  bui lding, 
solar radiat ion, shading and glazing, mechan ical aids to comfort ,  public uti l i t ies 
in the tropics and housing standards. 
On the other hand, Ahmad Fareed M ustafa And Frank Costa ,26 i l l ustrated 
the implementati on of the concepts a nd values of the I slamic city in  hot a rid 
zones in Al Jarudiya neighborhood. This account renders itse lf  useful to the area 
of study. 
The m ai n  object ive of the study was to combine between t he elements and 
survives of a modem housing with the social ,  rel igious, economical and 
environmental needs of the users . S imi lar to the case of AI Ain, an urban theory 
of h igh density and low height of bui lding was appl ied. 
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Ahmad Kamal Afifi study of the c l imatic factors and their impact on 
urba n design in Uni ted Arab  Emirates 27 ident ified the main factors affecting 
the bui ldmg design such as temperature, humidity, wind, rain fal l ,  solar 
radIation .  These factors affect many bui lding elements :  bui lding shape, bui lding 
value, onentat Ion, wal ls and roofs, and fenestration .  Each element is studied in  
accordance with the  hot dry c l imate zone effects along with UAE cl imate 
effects. 
The local c l imate and the development of a site i s  a subject dealt with in 
Anne R .  Beer Book. 28 The first stage in site development in  agreement with the 
local c l i mate is by gathering  a l l  information avai lable about the local c l imate.  As 
far as site planning is concerned, the local c l imate makes a substantia l  difference 
to the way the site is best laid out as wel l  as to the detai led design of any structure . 
Usual ly, a moderate c l imate imposes less l im itat ions than a c l imate of extremes 
between winter and summer. 
Another important factor af fect ing the site planning is  the users, their 
requirements, satisfact ion, and the publ ic participat ion in the design decisions .  
A model for opt imal design of mul t ifami ly  dwel l ing applying the phys ical design 
and environmental sta ndards with afforda ble costing  is proposed in B . K .  
Chakrabarty studl9 and B urt H i l l  Kosar book30 : integrated c l imate, comfort and 
cost 
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Randal l  Thomas, 31 and P. O. Fanger 32 studied the thermal comfort and 
theIr mam ariabl s  such as temperature, radiation, wind, and occupant ' s  activity. 
However P. O .  Fanger indicates the demographical factor: Age, sex, crowding 
color . .  etc . 
The bui lding design affect the thermal comfort in many ways, the heat 
transfer through bui ld ing envelop and the amount of heat loss and heat gain, and 
the effect of thennal insulat ion is studied i n  A .W.  Pratt book 3  and James P Todd , , 
and Herbert B .  E l l i s  book, 34 and J .W .  Weell er and A. Youl book .35 
In addition, the i m pact of m oistu re on wall s  durabi l ity, water proofing, 
degradation and thermal performance is studied by V .  P. De Freitas. 36 The 
effect of exterior surface color  on the thermal performance of bui ldings has 
been studied experimenta l ly  as wel l  as theoretica l ly  on N .  K .  Bansal study3? 
Where as, infonnation about the importance of the windbreaks as a mechanism 
for reduc ing wind effect is tested in Theodore Stathopoulos study.38 
2.2 The social  environment:  
The socia l aspects of housing have been discussed in the united nation 
book 39 and Geoffry book . 40 This general i ntrest stems from a concern that much 
emphasis was placed on the econmic aspects of development, with l i t t le 
attent ion given to social p lanning and development in  housing. 
AI 0, architecture and how it is  perceived and how society affects 
build ing and iceversa is studied in Wil l i am Wayne book, 41 especial ly if one 
bear in  mind that bui ldings reveals the cul tu re of people .  Some examples of the 
ocial architecture in the world are categorized on three parts :  the dwelli ng, 
bu i lding ensemble, neighborhood and the city in C .  Richard hatch book .42 
I n  addition, Raafat 43 divided the environ mental comfort system m 
build ings into two main parts the physiological comfort and the psychological 
and soc ial comfort . 
The physiological comfort consists of thr ee sections :  c l imatic, l ight ing, 
acoustical . The c l imatic com fort m ust be achieved either by using the active 
systems or the passive system and each c l imat ic zone enforce d ifferent treatment 
but in general the same factors of the c l imate affect the bui lding (the solar 
radiat ion, long wave radiation, aIr temperature, h umidity, wind and 
precipitat ion) .  
In active l ight ing comfort al l k ind of i l l uminat ion natural ,  art ific ia l ,  must 
be  studied carefu l ly in  order to make l ight ing design with no glare problems and 
with adequate i l l umination intensity. The acoustical  comfort is a result of proper 
acoustic insulat ion of internal noise and external one. 
The psychological and social comfort i s  connected with the human nature 
and its needs but these needs, are interpreted in relation with bui ld ing design 
into the fol lowing object ives : privacy, friendship fonnation,  group fonnation, 
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per onal space, personal status, territoria l i ty, communicat ions, cue searching, 
per onal safety, social heat, c loseness to nature . 
Some broad design concepts of personal needs are discussed thoroughly 
JD the Interior space book. 4 4  These are concerned with how to control the space, 
territoria l i ty, ambient environment and furnishing in  the indoor environm ent in 
order to ach ieve privacy, identity, security, order, variety, esthetic, choice, and 
sociabi l i  tv . 
Historical background : 
In  order to understand the problems associated with the housing field 
some general information about the area of study is  relevant . The human 
settlement i n  the Emirates ( Peter V ine  and Paula)4s in  their profi le  of the 
country indicates that: 
"Five thousands years ago, the land we now know as the ( UAE )  part of 
Magan, bordering on the bitter sea (Arabian Gu lf) along with the neighboring 
civ i l ization of Di lmun ( Bahrain)". 
Earl ier sti l l, perhaps eight thousands years ago, the region was i nhabited 
by stone- age man, whose tools have been discovered along the foot of the Hajar 
mountain range. During th is  period dated from the end of the forth mi l l ennium 
Be, the d iscoveries shows the first ind ication of organized sett led culture, who 
buried their dead with some ceremony. 
The Danish archaeologists commenced their first archaeological 
investigat ion in  UAE in 1 959 .  Ancient tombs and settlements from the 
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m i l lennium on the is land of Umm an Nar, near Abu Dhabi and the Hil i  site in Al 
A m, provided them with enough c lues that th is area corresponded with ancient 
Magan . But early in the second mi l lennium for a number of reasons al l  , 
mention of Magan disappears from the written records .  Unt i l  recently, the gap in 
archaeological records considering the presence of man during the 2nd 
m l1 1ennium Be was changed by the discovering of the tomb at Qattara in Al 
Ain that forced the archaeologists  to conclude that fruit and palm trees already 
grown in Al Ain during  the 3rd mi l lenium forming the economic basis of AI Ain 
oasis. Other important excavations covering this period are those of Al Qasais, 
near Dubai . 
Major population m igrations into the territory of the lower Gulf continued 
to establ ish sett lement patterns for hundreds of years to come . In  the 2nd century 
AD the Azdites, a tribal group of Qahtani ,  half of Arab genealogy, extraction, 
moved north-eastwards from Yemen, dominat ing the south-western and western 
slopes of the Hajar mountain range by the 6th century .  From then on the 
predominant populat ion flow into south-east Arabia was from the north .  Some 
of these migrants shared the Azdite (Qahtan i )  ancestry, whi le others sprang from 
the Adnanian (other half of Arab genealogy) .  Although these major migrant 
groups dispersed in smal ler units throughout the region, connections persisted 
between related fami ly  groups. 
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PersIan infl uenced the region in one form or another unt i l  600 AD when 
Islam united the smal l  scattered local tribes and from then on the lower gulf was 
firm I a part of the Mu l im world .  
Throughout the major immigration movements and the radiat ion of the 
tribes across the entire region, the fundamental issue was the meager economic 
resources that pounded and intensified the tribal structure of the society unt i l  the 
discovery of oi l  i n  the region . 
I n  the l ast two mi l lennia in  view of the changing economic circumstances­
most tribes had at some stage experienced the Bedouin existence and, at another 
times, sedentary l i fe in  v i l lages and towns : Bedouin  tribes possessing ferti le 
areas and p lant them eventual ly .  On the other hand, settlers had been driven into 
nomadism by drought -stricken and became desert Bedouin .  The scarcity of 
resources in relation to populat ion density bred a h igh adaptabil i ty from the 
IOhabitants .  The versati l e  tribesmen spent the winter with their l ivestock in the 
desert and came to the coast for fishing i n  summer or t hey might planted and 
harvested their dates or saws and harvested their m i l let .  Also, they took part in  
pearl ing and trading .  I n  short, there had been not a few tribesmen who knew al l 
then was to know about camel breeding, pearl ing, farming, fishing or sai l­
making a l l  together. 
By the 1 5th century E urope made its impact too on the l ives of the 
indigenous population when Vasco da Gama navigated, aided by the Arab 
navigator ( Ibn Majed), reached I ndia via Cape Horn in 1 498 .  Achieving a 
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re olutIOn I II trade between east and west lead the area in its most abhorrent 
hIstory of rna acres and occupation, in order to secure this trade root . 
The 1 9th century was a period of prosperity because of the expanded pearl 
market \\ hich increased in the sett led populat ion. This flow of the wealth was 
dried by the discovery of art ificia l ly cu l tured pearls .  By 1 950s the population of 
the trucial states show a major decrease due the emigration of the locals to the 
neighboring countries due to poor economic circumstances. 
In 1 95 8, when the Brit ish announced their plan for a rapid withdrawal 
from the gul f states for internal pol i tical reasons, decisions to establish a 
federat ion of Arab emirates was made true . On the second of December 1 97 1  , 
consisting of s ix emirates and joined on early 1 97 2  by the seventh emirate ( Ras 
al -Khaimah) a country was establ ished called the Un ited Arab Emirates .  
The UAE has, i n  the past twenty eigh t  years accompl ished an 
unprecedented metamorphosis from disparate desert enc laves to thriving modern 
state . The o i l  boom by 1 962 has brought enormous benefits .  Oi l  is the main 
factor behind the country ' s  advancement, was accompanied by flurry of 
constmction . 
Frauke Heard-Bey 46 gives an in-depth analyses of the nomadic l ife and 
the bedouins pertaining to the country, the ir society, the sett led population the 
administering of a tribal society, and how i t  is transformed to a modern society , 
also Adul Hameed,47 and l ibra i l  S Jabbur .  48 
Sedenta rization and state funded houses : 
The settled population demanded housing.  This demand transformed to 
lovv cost housing scheme throughout the region . Kano049 in his dissertation 
summarizes the history of low income housing  ( state fun ded housing ) in the 
gulf region by stat ing that : 
" Kuwait was the first state i n  the region to recognize the actual 
need for low cost housing . Hence it embarked on construction 
programs for low cost housing as early as 1 953 .  Today the low 
income homes are found in almost all districts of the new 
Kuwait .  The government of Bahrain has establ ished different 
approaches to low cost housing by creating I sa town, an 
ambit ious housing project and one of the largest rehousing 
schemes found in  the region . The low cost housing is made 
avai lab le  to Bahraini  nationals .  However the most excel lent 
scheme in the region i s  found in the trucia l  state of Abu Dhabi, 
where the nat ional government has estab l ished the most l iberal 
and generous low cost housing plan, the only one of its kind i n  
the world . the plan cal l s  for the completed cost houses to  be 
presented as free gift from the state to the e l igible low income 
fami l ies  of Abu Dhabi". 
Saudi Arabia was first in  the field to real ize that given  the opportunity and 
providing a l l  the social and h uman ameni ties, the Bedouins of the desert are 
l ikely to sett le  i n  developed areas. According ly, different low cost housing 
became employed to accommodate these part icu lar needs . Other states in the 
region had been aware of the need for low cost housing and took the necessary 
steps to provide low cost houses to their nationals .  
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Dr Kanoo added that vanous ystems of construction have been used in 
the bui ld ing of low cost housmg inc luding re inforced concrete frames, as in the 
case of Abu Dhabi housing. Concrete blocks were llsed in I sa town , whi le 
Kuwai t ut i l ized local ly manufactured sand bricks for the l imi ted income housing 
units . The A1 Dareeya model house, of Saudi Arabia has employed sun baked 
mud bricks designed by Professor Hassn Fath i .  
I t  should be noted that although the  term "low cost" housing is used in the 
discussIOn, however, various names have been associated with the low cost 
housing. I t  inc ludes : low income housing, l im ited i ncome housing, average 
income housing and publ ic housing, state funded housing. The trem "low cost" 
is in itse lf  a relat ive one : Kanoo stated that the low income houses cost in  
Kuwait K .D .  5 ,000($ 1 4,000), i n  Bahrain, B .D .  2 .000 ( $4,200) and in Abu 
Dhabi, A .D .  3 236($6 ,800), (based on 1 97 1  prices, these prices are much 
inflated hundred times by now) .  Such houses by no means are real "low" cost 
housmg. 
Kanoo, mentioned that the need for low income housing  in  the region 
IS increasing and he stated the fol lowing reasons :  1 )  economic development . 2 )  
SOCIal change .3 )  populat ion growth .4) improved l iving condi tions . 5 )  Migration 
and shift of population . 6 )  demol ishment without replacement .  
Abdul l  Hameed , 5 0  divided the folk houses into t hree categories: 
1 .  Low income houses. 
2 Farmers and fishermen houses. 
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3 .  Bedouin sett lement houses. 
According to Abdul l  Hameed book ,5 1 the history of low income housing in 
UAE (the state funded housing) go back to ( 1 972 ) .  Also Al H i l i  district (study 
area) shows the same construction date in some sectors . (Table 4 ) . 
Abdul l  Hameed 52 summarized the main conditions for the ownership of a 
low-income house by:  
1 .  To be one of the low incomes or the l imi ted i ncomes . 
2 To be one of the welfare payro l l .  
3 . I f  the occupant ownership of an another house been cancel l ed, with one 
condition that he does not own another house. 
However, the residential and commercial sect ion in AI Ain mlmicipal i ty 
added that every married man with the previous conditions is e l igible for the 
ownership of low-income house. 
In 1 987  the statistical section of the planning department in  Abu Dhabi 
conducted a study related to this subject . 5 3  The objectives are : 
1 .  I dent ify the main components of the present houses and the user responses 
to its adequacy .  
2 .  Identify the nature o f  addit ions and modifications made by the occupants. 
3. Identi fy the demographic,  social and economic  characteristics of the 
occupants .  
4 .  Ident ify the adequacy of the  publ ic surfaces.  
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I N UM B ER OF DATE OF 
I I'O DISTRICTISECTOR HOUSES CONSTRUCTION r-
1 .  H IL I  201M AL BADER 20 20/51 1 979 
r-
2 HIL I  201M AL REMAI LAH 20 2 1 141 1 976 
-
3 H I L I 401M 40 5/91 1 979 
I 4. 
H I L I  1 001M AL ABUDAH 1 00 1 9151 1 980 
r 5 H I L I  1 51M AL EMIRATES 1 5  1 71511 977 
6 H I L I  1 81M AL UTHM ANI 1 8  1 5121 1 977 
7 H IL I  201M C AL REMAI L AH 20 20/61 1 974 
I r 
8. H I LI 201M AL RUMAH 20 61 1 1 1 1 977 
r 
9. H IL I  201M SMALL 20 5121 1 987 
10  
HILI  201M SMALL AL 20 1 31 1 01 1 977 HASOON 
1 1  H I L I  2 1 /A 23 1 7/31 1 973 
1 2 .  H IL I 2 1 IB 20 27/81 1 974 
1 3  H I L I  221M 70 1 7121 1 977 
I 
1 4  I H I L I  221M NORTH AL 20 91 1 21 1 972 REMAI L AH 
1 5  H I L I  251M EAST 25 1 01 1 21 1 974 
1 6  
HIL I  281M AL MUSBAH 28 1 1 1 1 1 1 979 DAHl 
1 7. HILI 42IM AL H ASOON 42 2 1 /21 1 979 
TOTAL 52 1 
TABLE (4) :  THE NUMBER OF HOUSES AND THE CONSTRUCTION DATE 
OF STATE F UNDED HOUSES IN AL H IL I  D ISTRICT. 
SOURCE ENGI NEERING SECTION I N  AL AIN MUNlCIPAL ITY. 
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5 .  Ident ify the basic elements of  the  future housing design based on  the 
occupant ' s  needs III the urban and rural areas. 
The research shows the important general results concern ing the users 
responses to the state funded housing design ,  these are : 
• Only (4 1 % ) of the total sample approve of the main entrance design of the 
house .  
• (62% ) raise the height of the house perimeter indicat ing unsuitable original 
height , main ly  for privacy reasons .  
• (89�0) approve using concrete blocks as bui lding material ,  whi le  ( 59%) 
disapprove using pre-cast concrete as bui lding material , since i t  is not 
suitable for hot c l imates. 
• One of the most important demographic resul ts  indicates that the mean of 
family size is ( 8 )  people and (9)  people in case of including servants. ( Future 
designs  must suite b igger fami l ies) .  
• Concern ing the number of bedrooms, the mean is ( 3 . 7 5 )  whi le the mean 
designed number of bedrooms is (2 . 1 )  i ndicat ing the need for extra 
bedrooms in fut ure designs .  
• Only (3%» of the sample have no (Maj les) and the mean number of 
(Maj les) in the house is ( 1 . 9), whi l e  the mean designed number is (1 )  and the 
mean of addi t ions of Maj les is ( 1 ) . These values are consistent with the local 
tradition of separating the men ' s  ( Maj les) from the women's .  
• Out of ( 528 )  added kitchens (402 ) were separated from the hOllse 
wdicat ing that the llsers prefer separate kitchens. 
• (39) % Of the sample raise catt le in  the house . 
Al Aswad in his A nthropological study of the folk house (state funded 
houses) i n  AI Ain c ity 5 4  explores the impact of the cu ltural system and social 
values on the design of the house. He explores the impact of the design of the 
house on the dai ly act ivit ies patterns of the occupiers in the society as i nfluenced 
by local cul tural  norms. 
From the study, he concluded that the Emirates folk houses contains, 
sim i lar element characterizing the I s lamic- Arabic arch itecture .  Also the study 
recognized the h igher value bestowed on privacy, nature , enc losure beside other 
factors . Those factors have very obvious impact on houses fonus and designs .  
3.0 Research M ethodological approach : 
The research method in this study focuses mainly on finding al l  d ivers 
environmental and socia l  factors i nfl uencing the condition of state-funded 
housing. The survey method is beneficial  in that sense . However, an in-depth 
analysis of selected i ssues of concern provides more understanding of the 
problem at hand. 
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Environmental considerations, cl i mate, inhabitants, and users are 
described, analyzed, and recorded in order to assess their impact on state-funded 
housing. 
3. 1 Research Subject:  
The remodeled houses by the municipal i ty, their documentation drawings, 
photographs of their state before and after remodel ing, i s  considered a pivotal 
subject in the assessment of environmental and social impact on the design . I t  
should be noticed that the rest of houses do not have such wel l  documented data 
avai lable .  
Out of 30 remodeled sectors, 23  sectors are located within  the l imits of Al 
Ain itse lf. Thi s  leads to choose AI Ain as the context of this study. Accessibi l ity 
of information a lso contributed to this choice, along with the accumulative 
number of constructed and remodeled houses (F igure 6)  and (Table 5 ) .  Beside 
that the total n umber of state funded houses in AI Ain city is much h igher than 
the houses in  Al Ain region . 
I n  terms of sector size and area, Yaher is considered the largest with total 
number of 1 05 4  un its . S ince the study area i s  within the l imits of AI-Ain city, 
the first sixteen sectors indicated i n  ( Table 6)  and ( Figure 7 ), are outside this 
scope including the largest sector of YaheT. The second largest is AI Maquam 
which includes 928 units .  These units are made of pre-fabricated materials and 
does not have the typical problems associated with the traditional construction. 
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24 Matawaa 
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-26 MlInlim 
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1 0 1 
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0 3 3 
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0 1 I 
0 2 2 
1 0 1 
1 0 1 
0 1 1 
1 1 2 
3 6 9 
1 I 2 
0 0 0 
1 4 5 
0 1 1 
38 67 105 
TABLE (5):THE TOTAL NUMBER OF HOUSES MAI NTAINED BY AL AIN 
M U N I C I PALITY I N  M I D  ( 1 995). 
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FIGURE (6) :THE TOTAL NUMBER OF HOUSES M A IN TA INED BY 
T H E  MUNIC IPALITY IN MID ( 1 995) 
SOURCE: ENG I NEERING SECTION IN AL A I N  M U N I C I PALITY 
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N o  Sectors Large house Small house Total 
1 Wagan 19 1  0 19 1  
2 Qooa 100 0 100 
3 Arad 20 0 20 
"' Kbazoa 1 50 0 1 50 
5 Abu-Samra "'0 1 2  52 
6 Sadd 260 0 260 
7 Rimab 70 0 70 
8 Faqui 60 0 60 
9 Shuwaib 72 0 72 
10  Hayer 1 56 8 1 6"' 
1 1  Suwavhan 57 35 92 
1 2  Ouha 60 0 60 
13  Miz�'id 220 1 2  232 
U Dabir 200 0 200 
1 5  U m-Ghafab 280 0 280 
16 yahar 1 042 1 2  1 054 
17  Maqam 928 0 928 
18  Kbabisi 1 30 52 182  
1 9  Saroo.i 336 100 "'36 
20 Quraih 271  0 27 1 
2 1  Zakhir 45 1 20 471 
II 
· r  4fti .... "-," • 441 � IIiIi l' .,c"." " I;·' 
23 Qattarah 9 1  1 2  1 03 
24 M asoudi 1 26 20 146 
25 Jimi 400 0 400 
26 Markhaniva 84 600 684 
27 Muwaji 2 16  0 2 1 6  
28 Basra 242 20 262 
29 Muatarid 272 0 272 
30 Audu altouba 2 1 8  0 2 1 8  
3 1  Matawa 70 20 90 
32 Jahili 1 1 0 0 1 1 0 
33 Kuwaitat 42 0 42 
34 Nivadat 72 0 72 
35 Namothaji 2 1  0 2 1  
Total  7485 943 8428 
TABL E  ( 6) .  THE TOTAL NU1v1BER OF STATE F UN DED HOUSES I N  
AL C I T Y  AND REGION ( 1 992 
SOURCE: ENGINEERING SECTION I N  AL M U N I C I PALITY 
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The third largest is Al Murkhaneyah which has 684 units, out of which 600 units 
are mal l -sized residences mainly to house the elderly and widows. Accordingly, 
out of the five l argest sectors remain two options for study, namely Zakher and 
Hi l l i  Both have simi lar number of units, so the comparison was made among 
them based on other considerations .  Since H i l l i  is  a more desirable sector due to 
its proximity to city center and Al Ain - Dubai h ighway. I t  was preferred as the 
sector to be given further consideration in this thesis .  In addition, H i l l i  district 
has the largest number of units that were remodeled -( 1 8  house)- . (F igure 8 , 9 , 
1 0 , 1 1 , 1 2 , 1 3 ) .  
A control led sample was selected from a total number of  (447 )  houses 
(the total num ber of houses in Al Hi l i  d istrict) . ( 1 8 ) houses were selected, which 
represent (40/0) of the populat ion .  A l l  ( 1 8) houses were remodeled by the 
municipal i ty .  
However, the socia l  and psychological environmental impacts can not be 
sufficiently demonstrated without involving the human factor. Thus, a control led 
sample was selected from AI Ain administrative region occupants .  
The total population number is very high i n  AL Ain region, (3 1 3,836) 
people, AL Ain city (224, 1 44 )  people, while AL H i l i  district has a population of 
(9,889) people . 55 The population sample was determined according to the total 
{number of llOuseh01as in the district . AL Hi l i  has 906 1 state-funded houses, 
accordingly 3% sample is chosen for distribution of questionnaires. Each 
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THE STUDY AREA 
AL H I L I DISTRICT 
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( 1) AL MISBAH SECTOR: 
F IGURE (9) : THE SAMPLE HOUSES IN  AL MISBAH SECTO R.  
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(2) AL NABGHAH SECTOR: 
I FIGURE ( 1 0) : THE SAMPLE HOUSES IN  AL NABGHAH SECTOR. 
(3) SHAREAT HILI SECTOR: 
' F IGURE ( 1 1 ) : THE SAMPLE HOUSES IN SHAREAT H I L I  
SECTOR. 
4 1  
. -- ... � -
>', 
. " .. 
. .  o· 
(4) AL RUMAILAH SECTOR: 
? 
. ,  
. . .. 
, " 
'.1 
• 'I , 
, 
, 
0 I , .. ' ," • I I I .' , " " . 
" ;" oJ or .. � l' • r. 
' .. 1. ,' 0  ,,, . . . .' .' " I ' 
, " -1-; .,- . \ ( I ', 
�. 
FIGU RE ( 1 2) :  THE SAMPLE HOUSES IN AL RUMAILAH SECTO R .  
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F IG URE ( 1 3 )  
(5) FALAJ AL MAZMI SECTOR:-
THE SAMPLE 
SECTOR. 
HOUSES 
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que t lOnn31re repre ent, one household. The questionnaire was fi l led by any 
member in the household.  The returned response totaled 257  questionnaire, 
whIch represent 2 .  7�/o of the population, and represent 90% response rate. 
3.2 Data col lection : 
The process of data col lection is divided into three main parts .  The first 
part is about gathering a l l  the statistical, c l imate related data and some general 
informat ion about the field of study. The statistical data was provided by the 
statistical ection on the p lanning department and by the mini stry of p1anning 
The c l imat ic data is based on many references i n  the l ibrary and from Abu 
Dhabi metereological station . Literature, archives, and references provide the 
background general information, and l i terature review. 
The other part of data col lection is pertainent  to gathering a l l  drawings, 
photographs and maps related to the study subject (the state-funded houses) 
which are selected from these houses .The drawings were made avai lable by the 
engmeering section at AI Ain municipality (the design branch and the bui lding 
permits branch ) .  In this study, further edit ing and re-drafting of these drawings 
were made due to lack of clarity and precision .  
The photographs used in this research were taken during a maintenance 
project implemented by the munic ipal i ty .  AI Ain town plann ing  department 
provided the maps of the study area. 
The third and last part of data col lection is related to the questionnaire .  
The questionnaire was designed to analyze the social urban environmental 
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Impacts on the state funded housing .  Quest ions were classified into the 
fol lowing main sections: 
• Personal data. 
• Fami ly  data. 
• Act ivities and social relationships. 
• Fami ly and dai ly act ivit ies .  
• Satisfaction indicators . 
• Security and safety concerns .  
• Privacy percept ion .  
The quest ions of each sect ion were carefu l ly studied to demonstrate the 
unknown impacts of the social and urban envi ronment on the state funded 
housing. Prior to distributing the final questionnaire, a test of a smal l sample 
was made in order to determine c larity, percision, and val idity . According to the 
resu lts of this test, the questionnaire was refined and necessary changes were 
made . 
Since AI Ain city doesn ' t  have a complete data base of the houses 
numbers and addresses of its owners (phone numbers . . .  etc) the questionnaire 
was not distributed randomly i n  the technical meaning of the term by the use of 
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random table select ion .  Also, door to door distribution of quest ionnaire is not 
recommended because of cul tural and social l imi tations. 
To insure that a l l  the community is represented In  the sample, the 
quest IOnnaire was distributed i n  various places l ike (governmental ministries 
and departments, schools, residential districts) ,  to individuals who l ive in and 
0\ n houses in Al Ain region. Only local citizens of U .A .E  were chosen.  
3.3 Data a na lysis 
After gathering all the needed informat ion, an analysis of data is 
conducted to demonstrate the natural and the social impact on the state funded 
housing. 
The natural environment i mpacts on the state funded housing were the 
mam aspects of concern .  Thus, to demonstrate its i mpact on the study area and 
sample, precise c l imatic information is reported. 
An appl icat ion of the c l imatological data on maps, drawings and 
photographs of  the sample, results in  factor analysis of sample houses. 
In regard to the social environmental i mpacts and users responses to the 
state funded housing, main ly the questionnaire data, drew a broad picture of 
AI Ain social environment along with its users needs, desires and effects on the 
state funded housing. The drawings and photographs of the studied houses gives 
more emphasis on these impacts .  That is to say, the occupants responses provide 
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a social environment profi le  that contributes to  a better understanding of the 
eXlst lOg situation . 
4.0 IM PACTS OF NATU RA L  ENV IRON M ENT ON STATE 
FUN D E D  H OU S IN G : 
4. 1 I ntrod uction 
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The environmental impact on the state funded housing, and the role each 
en ironment plays in defin ing and forming the exist ing conditions of housing 
consti tutes the fol lowing analysis .  
Levels Of Climate : 56 
The two main levels  of c l i mate are the macrocl i mate (the broad regional 
cl imate zones) and the microcl imate (the smal l -scale, site specific c l imate 
ariations in those larger zones) .  A third leve l ,  the mesoc l imate, appl ies t o  an 
area smaller than a region but larger than a single site. For example, Abu-Dhabi 
Emirate and Dubai Emirate are located in the same macrocl imate, but the 
climatic characteristics of the two ci t ies are quite d ifferent; each therefore has its 
own mesoc l imate, and within each city specific sites have differing 
m icroc l imates l ike AI H i l i  d istrict, (F igure 1 4) .  
The fou r  major c l imate zones 
The interaction of solar radiation with the atmosphere and the gravitational 
forces, together with the distribution of land and sea masses, produces an almost 
infinite variety of c l imates, however, certain zones of approximately uniform 
climates can be dist inguished. The boundaries between these zones cannot be 
mapped accurate ly because each zone merges into the next, nevertheless, the 
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zone or the transition area between two zones is easy to ident ify.  S imply the four 
major c l imat ic zones are the cold zone, the temperate z.one, the hot humid zone 
and hot arid zone. 
The hot-Arid Zone IS overheated during most of the year and lacks sufficient 
moisture for e aporat ive cool ing by wind and air movement .  It is considered the 
zone of this study . 
The Major Cl imatic Factors :  
Climate at  a l l  levels i n  a l l  zones is created by the interactions of four 
major factors, with s ign ificant influence from a fifth factor. The four primary 
factors are wind patterns, solar radiation, temperature and precipitation. The 
mterconnection of topography, the fifth factor influencing factors with these 
four is indicated by the derivation of the word 'Cl imate' from a Greek word 
meaning ' to s lop ' .  
Taken separately, the impact o f  each factor on the c l imate o f  an area 
seems rather s imple to trace. However, when the i nteractions among factors are 
considered, the precise impact of each becomes far less c lear. Understanding 
how c l imate affects site conditions, and ul t imately, the design of the site, spaces, 
and structures req UITes c larifying the c l imatic factors individual ly and the 
interactions among them. 
Wind Patterns:  
Wind i s  characterized by three variables :  velocity or speed, direction, and 
degree of uniformity or turbulence . Wind is the c l i matic factor most infl uenced 
5 1  
by topography .  The major global wind patterns arise primari ly in response to the 
rotation of the earth and topography. When velocity and direction is combined , 
the prevai l ing wind patterns for a given site are created. Wind blows in three 
types of patterns, laminar, separated and turbulent as the next figure i l lustrates 
(Figure 1 5 ) . 
Microclimate Wind Variations: The microc l imate wind variations are caused 
or influenced by a number of factors, minor topographic variation causes many 
mIcrocl imate wind changes, wind across flat site remains laminar and at ful l  
force .  Whi le  the wind across h i l l s  and val l eys creates variations in wind types 
and speed based on the steepness, and orientation of the slopes with respect to 
the prevai l ing patterns. Because cold air is heavier than warm air, the airflow 
tend to be down h i l l  during the n ight  and uphi l l  during the day, (F igu re 1 6) . 
The direction and speed of the winds i n  an area vary according to the t ime 
of year . Fortunately i n  most c l imates and at most sites the north to south 
direction of the prevai l ing winter winds is near ly  the 1 800 opposite of the 
prevai l ing south to north summer winds, making the task of designing to control 
wind year-round m uch s impler, (F igure 1 7 ) .  
Wind brings with i t  moisture and precipitation, po l l ution or  odors fonn 
nearby sites. The site-specific variations in wind help detennining the 
microcl imate of a site . 
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I LAM I NAR WIND I 
I SEPARATED WIND I 
I TURBU LENT WIND I 
r 
FIGURE ( 15) : THE THR E E  TYPES OF WIND PATTERNS 
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II A I R  FLOW ACROSS FLAT LAND II 
IbI R  FLOW OVER ROL L I NG LANDII 
II DOWNH I LL EVENI NG A I R  FLOW ij 
r FIGURE ( 1 6 ) : CHANGES IN AIR MOVEMENT DUE TO TOPOGRAPHY.  
II W I NTER I 
I SU M M E R  I 
F IGURE ( 1 7  ) : PREVAI LING WINDS ARE OFTEN ' 
OPPOSITE TO ONE ANOTHER IN  WINTER AND S UMMER. ! - ,-
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ola r Radiation :  
The amount o f  solar radiation on a specific site depends o n  the site ' s  
latitude and the earth '  point of  rotat ion around its axis, together they determine 
the angle of the sun in the sky. This angle is defined in two ways : as al t itude (the 
angular distance of the sun above the horizon ) and as azimuth ( the angular 
dIstance of the sun from true north  or true south )  measured in a clockwise 
direction in the northern hemi sphere and in a counterc lockwise direction in the 
southern hemisphere ( Figure 1 8 ) .  Sun angles change during the year, altering the 
amount of sol ar radiat ion reaching a site, and compl icating the thermal control 
and radiation control design . As i t  does in the case of wind, topography has 
significant influence on the effect of sun . The radiat ion affects site conditions in  
four ways: i t  may be reflected, absorbed, conducted or  moved through 
convection, (F igu re 1 9) .  
Reflectivity and  Absorption :  Different surface material are able to  absorb and 
to reflect sun l igh t  at d ifferent rates. The reflect ivity of a surface is measured on 
a scale from ( 0 .0  to 1 . 0 ) cal led albedo, where is a black matte surface of a 
material i s  l ikely to have an albedo of 0 . 0  (absorbs a l l  heat and l ight and radiates 
quickly) and a mirror has an albedo of 1 . 0 (completely reflective, absorbs 
nothing) .  
The l ighter and smoother the  surface materials surrounding a site, the more i t  
wi l l  reflect causing glare . The darker, coarser materials ( such as  grass) wi l l  
A Z I M UTH ... .-.... ---
II F IGURE ( 6 ) • SUN ANG LES 1! 
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Short wave rad iation  
From Sky 
Radiation 
reflected by 
ground 
5 
Scattered by 
diffusion 
I - F IGURE ( 1 9) : HOW SOLAR RADIATION WARMS-THE SURFACE .] 
t _ . _ . -. . .  
SOURCE BEER. ANNE R. ENVIRONM E NTAL PLANN ING FOR S ITE DEVELOPMENT. PP 73 
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reduce the re flecti ity and decrease the reflected heat on structures and site 
area . 
Conductivity : Conduct ivity describes the speed with which heat passes through 
a materia l . The drier and more porous or the l ighter a material is the lower its 
conductivity wi l l  be . Sites that absorb and re lease radiation slowly (s i tes with 
low aJbedos and dense, solid surfaces) have stable microcl imates .  
Convection :  The most sign ificant impact of convection involves the act ion of 
the wind in producing convect ive cool ing .  The more turbulence is associated 
with the movement, the more heat wi l l  be dispersed.  As air warms during the 
day a flow of cooler air fi l ls in  the void .  This air movement creates a sl ight 
cooling breezes : the convective action combines with increased evaporation as 
the moving air sucks moisture out of the surroundings to make the temperature 
seem cooler. 
Temperature :  
Temperature i s  described in two forms in relat ion t o  c l imate, as actual 
temperature and as effect ive temperature . Actual temperature is the day bulb 
reading, uninfl uenced by shade or sun, air movement, or precipitation . Effective 
temperature is the temperature the body actua l ly  perceives as a result of the 
combined effects of radiat ion, precipitat ion or humidity and wind ( the measures 
of comfort leve l  of a site) .  The effective temperature is affected considerably by 
the microc l imate variat ions .  As other c l imatic factors, temperature is determined 
in part by the topography of the region or the site . 
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Precipitation and H u mid ity :  
Precipitation and humidity refer t o  the amount of  moisture in the ai r at a given 
time and whether this moisture is held or released . The higher the humidity 
becomes the more uncomfortable people will feel . As the water vapor in the air 
reaches the saturat ion point, it begins to fa l l  to the ground in form of rain, fag, 
snow or drizzle (depending on the temperature ) .  
Topography:  
The topography of a site affects the quant i ty of precipitation and the 
relati e humidi ty of a location because i t  affects the patterns of the winds that 
carry moister. For example the smal l l andforms receives heavy precipitation on 
the opposite side of the h i l l  to the prevai l ing winds while the l arge land forms 
receives the larger amount of rain on the windward side of the h i l l .  This is 
because of the difference in topography. 
In smal l  landforms  as the wind c l imbs the windward side of the h i l l , the 
bottom layer of air begin s  to speed up and the top layer cool up then t he sudden 
void in the topography beneath th is  wind causes the air to change its pressure 
and drops its moisture .  B ut in  large land forms, the warm, moisturized air, c l imb 
the steep windward side of the landform unt i l  i t  cools up and reaches a point it 
cannot hold the water any longer. On the other side of the h i l l  a rain shadow 
occurs because the l i ght dry air i s  compressed by the air pressure causing this 
wind to suck moisture out of the air rather than drop it (F igure 20) .  
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REDUCED SPEED AS WINDS 
FILLS SPACE CAUSES AIR TO 
DROP ITS MOISTURE 
I SMALL LANDFORMS I 
WARM, MOISTURE AIR 
COOLS AS IT R ISES AND 
DROPS ITS MOI STURE 
� LARGE
_
LANDFORMS I 
FIGURE (20) :  THE EFFECTS OF TOPOGRAPHY ON ! 
WIND AND PREC IPITATION . i 
SOURCE: KIM W TODD. S ITE SPACE AND STRUCTU RE. PP. 65 
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,[limate I n teraction :  
The interact ion among c l imatic factors produces the comfort level of local 
weather 
Temperature red uction :The interaction between the wind and other major 
c l imat ic factor helps in reducing the effective temperature of a site through both 
connect ive and evaporat ive cooli ng. The more t urbulent the wind is the more 
coolmg wi l l  resul t  from convection .  
I n  the process of evaporat ion, heat is removed along with moist ure from 
objects and from the air .  Consequently, the more surfaces for wind to draw 
moisture, the greater the potent ial for cool ing a dry site . This shows the reasons 
for the temperature difference between rural and urban environment . Where as, 
the hard moisture-poor materials of the urban environm ent make it warmer than 
the rural environment, and usua l ly  the man-made materials more reflective than 
the natural materials .  Also the large amount of vegetation and the rough, 
absorbent soi l s  a l lows the moisture to be removed through evaporation and 
transpiration . These natural materials conduct and store heat less readily than 
city material s .  
Hum idity reduction : Through evaporat ive and convect ive cool ing the wind 
remov es the humidity from air .  
Radiation red uction : The radiat ion effects could be reduced by the wind, 
unless the air is extremely dry . The amount of radiat ion present on a site has a 
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dl fect effect on temperature along with humidity. The most direct contro l over 
radiat ion is by shade. 
The comfort zone :  
The comfort zone " is the range of temperature variation, hum idity level ,  wind 
velocity and amount of radiation within which human beings can work and l ive 
with minimal expenditure of energy and maximum comfort".  The cult ure, age, 
gender and upbringing of a person affects his comfort level . For example, the 
comfort zone for a person from the tropics m uch warmer (h igh maximum 
effective temperature) than a person from the northern pole .  Also, as people age 
the lower l imi t  of their comfort zone rises, with a need for h igher temprature, 
(Figure 2 1 ) . 
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4.2 C D ited A ra b  E m i ra tes & AI A i D  c l imate a D d  topog ra phy 
The Un ited Arab Emirate in the Eastern Arabian peninsula is located 
between latit udes ( 22° to 26° 3 '  ) north and longihldes ( 5 1  ° to 56° 3 '  ) East, 
\\ Ith total area of approximately 83 ,600 Sq . Km inc luding some 5 ,900 sq. Km. 
Of Islands. The United Arab Emirates consists of seven Emirates : Abu-Dhabi 
the capital with the total area of (67,340 Sq . Km or 26,000 Sq .  miles) which 
fonns (86 .67 %) of the total area of the country, Dubai (3 ,885 Sq. Km) , Sharjah 
(2 ,590 Sq . Km), Ras-AI-Khaimah ( 1 ,683 . 5  Sq . Km) , Fujairah ( 1 , 1 65 . 5  Sq. Km), 
Umm-AI-Quiwain (777  Sq .  Km) and last Ajman (259  Sq. Km) (Table 7)  and 
(Figure 22) .  The United Arab Emirates is bordered on the north by the Arabian 
(the Persian) Gu lf, on the east by Oman, on the south and west by Saudi Arabia 
and on the north west by Qatar, with a total boundary length of 2,  1 85 Km. 
( I  ,3 58  Mils) .  
The unique location of UAE, with characteristic land-sea distribution and 
tropic of cancer passing through it, provides this region with the arid tropical 
climate extending across Asia and North Africa. The I ndian Ocean effects the 
climatic conditions in the area, as the country l ies on the coastal zone of both the 
ArabIan Gu lf and the Gulf of Oman . This explains why the high temperature in 
summer is always accompanied by high hwnidity . Some noticeable differences 
in c l imatic conditions could be observed among coastal areas, desert interior 
areas, and mountainous areas. 
E M I RATE 
ABU DHABI  
DU BAI 
S HA RJ A 
AJ M AN 
11r-----::o/c--:-o -'I -s-�--:. M=--=-I�-E-Ir-s-q .-k-i l-o-m-e-te-rs-ll l 
86.67 26,000 .00 67,340 .00 
5 
3 . 3 3  
0 . 3 3  
1 ,500.00 3 , 8 8 5 .00 
1 ,000 .00 2,590.00 
1 00 .00 2 5 9 .00 
U M M  AL QIWAI N 1 300 .00 777 .00 
RAS AL KHAI M A  2 . 1 7  650 .00 1 ,6 8 3 . 50 
FUJ E I RA  l . 5 
I TOTAL II 1 00 . 00 I 
450 .00 1 , 1 65 . 50 
30,000 .00 I 77,700 .00 I 
* EXCLUDIN G  I SLANDS 
TABLE (7) '  THE AREA OF UNITED ARAB EMIRATES BY EMIRATES 
c ABU DHABI 
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SOURCE - MINISTRY OF PLANNING CENTRAL STATI STICAL DEPARTMENT, ANNUAL 
STATISTICAL ABSTRACT, PP . l l .  
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Between the months of November and March a moderate warm cl imate 
prevai ls during the day at an average temperature of (260 C) and l i ghtly cool 
cl imate preva i l s throughout the night at an average temperature of ( 1 50 C). The 
temperature and humidi ty tend to get hi gher between the months of June and 
August . 
The prevai l ing winds tend to change between southern or south eastern or , 
western or northern and north western directions .  The rainfal l i s  relat ively l ittle, 
as the average rainfa l l  normal ly does not exceed (6 .5  cm) annual ly .  The rainy 
season is between November and April more than half of the rainfal l i s  
experienced during the months of December and J anuary 60 . 
The ministry of communications, United Arab Emirates, establ ished the 
National Bank of Meteorological data as part of the UAEfUNDP/WMO project 
for the establ ishment of the National Meteorological servIce. The 
responsibi l i t ies of this bank cover the col lection, quality control , storage, 
processing and archival / retrieval of al l h istorical and real t ime meteorological 
data recorded by different observing networks in the country l ike (Air Forces, 
Ministry of Agricu lture and Fisheries, Ministry of oil and mineral resources, 
international Airports and Ports). Using the national meteorological bank data 
the ministry of communication publ i shed the book of (UAE Cl imate) in 1 996 . 
According to that book c l imate data of UAE in general i s  as fol lows: 
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1.JAE temperature 
I n  (Table 8 )  it may be seen that the absolute maXImum temperature 
reached in the data sample is ( 50° C) for Asab during June and Ju ly, whi le the 
main maximum has a peak of (4 1 ,  8 ° C )  in Ju ly . Thus July may be considered 
the peak of summer months . 
Though, the extreme minimum value, the lowest value, is (0 .6°C), and it 
I S  recorded in AI-Ain stat ion during February . The mean minimum of ( l 2 .4°C) 
I S  reached in January . I t  i s  therefore seen that January may be considered the 
peak of winter months for U AE . 
I n  (F igure 23 )  the month ly variat ion is minimum during the months of 
December to March and May to September, which was classified as winter and 
summer months subsequently .  The variation of temperatures are rather steep 
during pre-summer or pre -winter months. As an example, March to May are the 
transItion months for the extreme summer months of June to September and 
during October to December are the extreme winter months. 
(F igure 24) summarize the annual extreme temperatures and means in 
United Arab Emirates . 
UAE Rela tive h u midity: 
Geographical ly, relat ive humidity levels are higher along the eastern 
coastal plain and adjacent to the Arabian Gulf coast which decreases south and 
eastwards, and over the eastern mountain range . During winter months the mean 
TEMP JAN FEB MAR APR MAY !UN 
MEAN MAX 24.2 25.0 29 0 34.0 39.0 4 1 J  
MEAN 1 8 .3  1 9 2 22 5 27.0 3 1 .3 3 3 .6 
MEAN MIN'  1 2 .4 1 3 .3 1 6 1 1 9 5  23.3 2 5 8 
EXTR MAX 36.0 38.0 42.2 45.0 49.0 50.0 
STATION ASAB BUHASA R.A AL KHAIMA ASAB ASAB ASAB 
YEAR 1 99 1  1 98 1  1 97 8  1 99 1  1 990 1 992 
EXTR MIN 1 .0 0.6 1 .0 7.0 1 0 0  1 2 .0 
STATION ASAB ALAIN ASAB ASAB ASAB ASAB 
YEAR 1 983 1 99 1  1 983 1 987 1 984 1 984 
� �- -
TABLE (8): MONTHLY TEMPERATURE (Co) FOR U.A.E 
SOURCE. MINISTRY OF C01>. IMU", ICATlO"l, LAE CU1>.1ATE,PP 17 
JUL AUG SEP OCT 
4 1 .8 4 1 . 1  39.6 35 8 
3 5 . 1  34.6 32.3 28 6 
2 8 2  28.3 25.4 2 1 6 
50.0 49.0 47.0 44 4 
ASAB ASAB ASAB MELEIHA 
1 990 1 990 1 990 1 982 
1 6 .0 1 3 .0 1 2.0 7 .0 
ASAB ASAB ASAB ASAB 
1 982 1 987 1 987 1 987 
NOV DEC 
30.9 26.0 
23.8 20.0 
1 72 1 4. 1 
40.9 37 0 
F.AL MVALLA BUHASA 
1 987 1 980 
4 8  2.0 
F.AL ASAB 
1 982 1 982 
ANNUAL 
34 0 
27.2 
20.4 
50 0 
ASAB 
1 992 
0 6  
ALAIN 
1 99 1  
0'1 00 
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, 
- EXTR MAX 36. 0  3 8. 0  42.2 45 .0  49.0 50 .0 49.0 47.0 44.4 40. 9 3 7.0  1 - MEAN MAX 24.2 25 .0  29.0 34 .0 39 .0 4 1 . 1  4 1 . 1  39 .6  3 5 . 8  30 9 26.0 
- :NtEAN 1 8 . 3  1 9. 2  22. 5 27 .0 3 1 . 3 3 3 . 6  34 .6  32 .3  28 .6  23 .8  20.0 
- MEAN MIN 1 2 .4  1 3 . 3  1 6. 1  1 9. 5  23 . 3  2 5 . 8  28 . 3  25 .4  2 1 . 6 1 7.2  1 4. 1  
- EXTR MIN 1 0 0 .6  1 . 0 7 .0 1 0.0  1 2.0  1 3 . 0  1 2.0  7 .0  4 .8  2 .0 J 
FIGURE (23) MONT� Y TEMPERATURE (Co) FOR U A.E 
MONTHES 
�...-.. 5 5  U '-' 50 � 45 
� 40 f-
;2 3 5  
� 30 0.. 25 � 20 � 
f- 1 5  
1 0  
5 
ANNUAL 
. EXTR MAX I 50.0 
. MEAN MAX 34 0 
. NIEAN 27 .2  
MEAN MIN 20.4 
. EXTR M IN 0.6 
FIGURE (24 ) . ANNUAL TEMPERATU RE FOR U AE 
SOURCE: MINISTRY OF COtv1MUNlCATION, UAE CLIMATE,PP. 1 7  
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re lat t ve humidity increa es by ( 1 0° o  ) to ( 1 5° 0 ) from interior to the coastal 
regions .  Whi le during the summer months til l S  variat ion is ( 20°'0 ) to ( 25° ° ) .  
For example, mean annual re lative humidity in Abu-Dhabi is in excess of 60% , 
whereas the value for Al-ain is less than ( 45% ) .  During the spring, summer and 
autumn relative humidity is highest along the gulf of Oman coast, but during 
wmter, when re l at ive humidity reaches its peak, highest humidity levels are 
found along the Arabian Gulf coast with ann ual mean maximum recorded in 
excess of (90%). Liwa, the southeastern , and the eastern mountains has annual 
mean min imum relative humidity of less than ( 20% ) .  In general ,  the mean 
month ly relat ive humidity over the Emirates during winter is around ( 60% ) 
whi le during summer around ( 50% ), (Table 9) and ( Figure 25 ) .  
Rainfal l  Distribution 
Situated under the influence of the sub-tropical anticyclone there is l ittle 
chance of rain .  The average annual rainfa l l  is 1 1 9 mm.  This total , however, can 
be h ighly variable between one year and the next . Rainfa l l  distribution is lowest 
in the west and south of the UAE, increasing towards the north and east over the 
gravel plains and footh i l l s of the AI Hajar AI Gharb i .  The highest annual rainfal l 
total, either in a wet or a dry year, fal l s  over the eastern mountains . The mean 
annual rainfa l l  rises to 1 60mm compared to less than 40mm in Liwa in the west . 
Mean annual rainfa l l  then decreases again on the eastern coastal plain . 
Humidity JAN FEB MAR APR MAY JUN JUL AUG 
Mean M ax 89°'0 89°/0 86°'0 80°'0 76% 82% 82°'0 83° 0  
Mean 63% 62° " 5 7°'0 50° 0 46°'0 5 1 ° o  54°0 56°'0 
Mean Min  36% 34° 0 2 7% 20° 0 1 7°'0 1 9% 2 5°'0 29°'0 
TABLE (9) MONTHLY RELATIVE HUMIDITY (%) FOR UAE 
70% 
40% 
30% 
20% 
1 0% 
0% 
J AN 
• Mean Max 89% 89% 
SEP 
86% 
56% 
241}o 
7 1  
OCT NOV DEC ANNUAL 
86°'0 87% 89% 85% 
5 5°'0 59° 0 64° 0 56° 0 
23% 29�0 3 7°� 27% 
OCT NOV DEC � 
89% 85% +--+-
• Mean 63°,-0 E°-o 
o Mean Min 3 6% I 34% 2 7% 20% 1 7% 
56% 5 5% 1 59% 64% 56% 
25% 29% 24% 23% 29% 37% 27°/0 � 
FIGURE (25) :  MOTHLY RELATIVE HUMIDITY FOR UAE 
SOURCE MINlSTRY OF COMMUNICATION, UAE CLIMA TE.PP
 1 8  
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The lowest monthly mean of rainfal l for UAE is (0 .3 mm) during June 
and the summer months, whi le the h ighest is (37 .9mm) during February and 
winter months . This shows that the main rainy season for UAB is winter. The 
rains commence in December as this is l i nked with the advent of passage of 
westerly waves in the middle and upper troposphere which interact with the low 
level systems and generate rainfa l l  over UAB, (Table 1 0) and (F igure 26) . 
Seasonal rainfal l distribution patterns are disti nctive . Almost ( 90% ) of 
each year ' s  precipitation fal l s  during winter and spring and the wettest months 
are usua l ly February and March when ( 60% ) of the precipitat ion is received, 
(Table 1 0) and (F igure 26) .  Although, rainfa l l  is expected during winter and 
spring, it is often concentrated in few heavy fal l s .  Sometimes almost half of the 
annual total i s  received in a single day and the total number of rainy days, with 
rainfal l exceeding ( 1 0  mm ), ranges between ( 1  day ) in a dry year, and ( 5 
days) in a wet year. 
Rainfa l l  is associated with atmospheric pressure patterns which pennit the 
passage of Atlantic depressions to move through the Mediterranean region and 
down over the Arabian Gulf towards the I ndian Ocean . The Oman Mountains 
provide a natural topographic barrier, forcing the air upwards, ult imately 
producing orographic rainfal l .  This explains why the eastern mountain region, 
which covers approximately ( 50/0) of the country, receives about 30% of the total 
annual rainfa l l .  I n  the south and west of the mountains the effects of a 
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R, \C'.l' ALL JA.'l FEB MAR -\PR MAY IL'N ILL AUG SEP OCT �o\' DEC A.�'1:AL 
!\!can of \lJ STAOON 14 .4  31.9 26.2 9 4  1 . 9 0.3 1 .3 2.7 1 .0 1 5  2 7  1 1 .4  1 1 0.7 
f.xtra l\lax 208 5 268 6 2 1 4.2 80 5 1 04 4 220 42.2 86 5 60.2 96.5 89.6 99 4 268.6 
SI.-JUon kalba Masful FAL Mualla ThgDaga kalb. Masafi Dtbba Bwyral t.1asful Bill) ral RAK RAK Maslut 
Year 1 969 1 988 1 982 1 977 1 977 1 979 1 988 1 975 1 972 19N 1 982 1 979 1 988 
:l.lean '\lax 26.5 54.5 43.4 1 4 8 6 .\  1 9  4.6 1 4.0 5. 1 8 2  7 1  1 9 0  1 7 . 1  
Station Masafi Masful Asab Kalba kalb. Mas. Ii Masali Mas_Ii Al AIn �1asafi R.A.K BIll)'Ta1 -
TABLE l l O) MOTHLY RAINFALL (mm) FOR UAE 
HO 
FIGURE (26) MONTIIL Y RAINFALL (nun)FOR UAE 
SOURCE. MTNISTRY OF COMMUNICATION. UAE CLIMATE.PP 1 9  
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progre s lve ly lower rel ief increase remoteness from the sea and the desert 
surface Itse lf which account for the decrease levels of precipitat ion over the 
interior. The Oman Mountains also act as a barrier helping to prevent the 
cl imat IC i n fl uences of the Gulf of Oman to penetrat much beyond the eastern 
eoa tal plain, which in spring has more rainfal l than any other region . 
Surface Wind Speed 
With l itt le variation III pressure over the DAE, the winds tend to be l ight or 
l ight to moderate . There is a tendency for winds to be stronger between March 
and August and predominant ly from the northwest and south or southeast . The 
Shamal is a hot, dry wind, often laden with dust and sand, which is at its 
strongest in winter and can reach gale force .  The strongest winds are felt along 
the coast of the Gulf of Oman, fol lowed by the mountain region, the Arabian 
Gulf coast, the desert foreland and the l ightest winds are in the interior. 
The mean month ly surface wind for al l the ( 1 6  ) avai lable monitoring stat ions 
shows a maximum value of (4 .8  Kts) during February and March with a second 
maximum of ( 4 . 7  Kts ) during June and a minimum value of ( 3 . 5  Kts ) during 
November. 
The maximum gust of ( 70 Kts ) is observed at Sharjah I nternat ional 
Airport during February whi le the l owest value is ( 3 7  Kts ) at Abu-Dhabi 
(Bateen) airport during October, (Table 1 1 ) and (Figure 27) .  
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,CRf.\('f Wr-.D SPEED JA." H'B \.UR APR \L\ \ .W"" .fL'L At.:G SEP OC'T ""0\ DEC' 
\Iean \hn:imum 8 1  9 8  9,9 9,0 8 1  8.3 7.9 7 9  7, 5  7.2 7.4 7.8 
St..)hon R.A. J... J,Dbanll .J,Dbana J,Dbana J,Dbana J,Dbana .J,.Db.no J,Dbana AbuDbab, J,Dhana J,Dbana J,Dbana 
\1ev.n 'tlolmum 0.8 to 1 1 1.2 \.J 1 . 4  1.2 \ . I  0.4 0,9 0,7 0.7 
SuholD Digdllll'" Oigdall'" Digdaga D'gdaga Digdaga Digdap Kalba Kalb. Kalba Digdaga Digdaga Digdap 
'haa .. or \.11 Sl..<thoos 3,9 U 4,8 4.6 4.6 4.' 4,5 4,5 4,0 3 7  3,5 3,7 
\t:uJmum GUJ. 61 70 69 68 69 4S 60 54 38 37 4S 4 1  
�t:lllhOD Sharph Sharjali. R.A.K Abu.Dbab, Bate-en SbarJab RAJ... Dub.i DubailSbarjab s.._ Sba.jab AbuDbab, 
TABI E ( 1 1 )  MONTI IL Y WIND SPEED (1<t) FOR UAE 
'0 
FIGURE (27)' MONTI IL Y WIND SPEED (Kt) FOR UAF 
SOl'RCE' MI]\,1STRY OF COMlv!UNICATION, CAE CLIMATE, PP 20 
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A E  c l imate su m m a ry :  
The fol lowing tables summanze the long term c l imatologIcal data 
according to the observat ion locations, where is in (Table 1 2 ) and (Figure 28) 
the annual mean of temperature is (27 .2° C) and the annual extreme value of 
maximum temperature i ( 50°C) .  I t  was recorded in Asab in 1 992 and the annual 
extreme of min imum temperature was (0 .6° C) recorded in AI-Ain in 1 99 1 . 
I n  (Table 1 3 ) the annual mean of  re lat ive humidity is 56% and the annual 
mean of maximum relat ive humidity is 85% while the annual mean of minimum 
relat ive humidity is 270 0. The rainfa l l  annual mean is ( l 1 0 .7 mm) per year . The 
annual extreme val ue of rainfa l l  was (268 .6mm) per year recorded in Musfut in 
1 998 . The annual mean of surface wind speed is (4 . 3  kt) and the annual 
maximum gust was (70kt) that is recorded in Sharjah international airport. The 
annual mean pressure is ( 1 009 .9 hPa) .  (F igure 29,30,3 1 )  
AI-Ain region Cl imate: 
AI-Ain region is located on lat itude 24° 1 3 ' North and longi tude 5 5° 4 T East 
and it i s  ( 302 ) meters above the sea level, where i s natural ly  the hot arid desert 
zone prevai l s .  According to the long term cl imatological summaries for the 
period of 1 972 to 1 993 in (Table 1 4 ), the annual mean temperature is (26 . 8°C) 
and the h ighest mean of maximum temperature is (44 .3° C) .  It was recorded in 
July whi le the mean of min imum temperature of ( I I .2°C) was recorded in 
December .  This indicates that there is two princ ipal seasons could be 
7 7  
TEM PERA TURE 
Station Location Mean Maximum Minimum 
Abu Dhabi Bateen Int'J AirPort 
Abu Dhabi I nl'l AIrport 
AI Aln 
AI Hlbab 
Asab 
Bu Hasa 
BUI}Tat 
Das Island 
Dlbba 
DIgdaga 
Dubai Int'l Airport 
Falaj AJ M ualla 
label Dhana 
Kalba 
Masafi 
Masfut 
Meleiha 
R.A. Khaimah Inl'l AirPort 
ShaI]ah Int'l AirPort 
( 24 .26N 54 .27E ) 
( 24 26N 54 .39E ) 
(24 : l 3N 5 5 : 47E) 
(25 03N 5 5 :3 5E) 
(23 1 8  N 54 ' l 3 E) 
(23:30N 53 : 1 8E) 
(25 :46N 56:02E) 
(25 :09N 5 2 : 5 3 E) 
(25 :36N 56: 1 6E) 
(25 :40N 5 5 : 5 8E) 
(25 . 1 5N 5 5 :20E) 
(25 :2 1 N  5 5 : 5 1 E) 
(24: l 1 N 52 :38E) 
(25 '04N 56 : 2 1 E) 
(25: 1 8N 56 : 1 0E) 
(24 :48N 56 :07E) 
(25 :  I ON 5 5 : 5 2 E) 
(25 : 3 7N 5 5 : 56E) 
(25 :20N 5 5 :3 1 E) 
Annual Mean / Extr 
* REMARKS : EXTR = EXTREME VALUE 
Mean Ext r 
27.0 3 3 . 1 48.0 
26.7 3 3 . 7  47 .6 
26.8 3 5 3  48.5 
26.9 34 .7  49 . 1  
26.8 36. 1 50.0 
28.9 3 5 .8 49.0 
28 .2  33 .4  46. 2  
33 .4  43 .3  
28 . 1 33 0 48.6 
26.3 34 .7  48 .4  
26.9 33 .0  47.3 
27.0 3 5 . 4  49.0 
30.9 45 .0  
27 .8  3 2 6 49.6 
26.8 32 .5  47. 1 
27.0 33 .3  47.2 
27.2 3 5 . 6  49.0 
27.2 34.7 48.2 
26.2 34.0 49.2 
27.2 34 50 
Year Mean Extr Year 
1 979 2 1 . 8 7 5  1 972 
1 984 20.2 5 . 4  1 99 1  
1 983 1 8 . 4  0 6  1 99 1  
1 982 1 9 1 3 .6 1 99 1  
1 992 1 7.2 1 . 0 1 983 
1 99 1  2 1 .9 4.0 1 992 
1 980 22.9 9.0 1 992 
2 1 . 7 8.9 
1 984 23 .2  8.0 1 992 
1 989 1 8.0 1 . 5 1 989 
1 978 2 1 .3 7 .4 1 99 1  
1 987 1 8. 5  2.4 1 99 1  
1 989 
1 98 1  23 .2 8 .4 1 984 
1 985 2 1 .2 7.0 1 988 
1 98 1  20.7 4 .7 1 989 
1 983 1 8.9 2 .0  1 983 
1 993 20.0 4 .4  1 989 
1 978 1 9.6 2.5 1 99 1  
1 992 20.4 0.6 1 99 1  
TABLE ( 1 2) :  ANNUAL LONG TERM C L I M ATOLOGICAL SUMMARIES OF TEMPERATURE 
FOR UAE 
SOU RCE.  MINISTRY OF COMMUNICATION, UAE CLiMATE,TABLE 25. 
� 
� � 
� 
60 0 
50 .0 I • 
40 0 
30 0 
20.0 
1 0 0 
0 .0 
• TEMPERATURE Maximum E:\tr 
C TEMPERATURE MaXimum Mean...,If--_--+ 
• TEMPERATURE � lean 
� TEMPERA TIJRE tl,lmlmum �lean + 2 1  8 -!- 20 2 
El TE�IPERATL'RF 1-.[ullmum E:\tr '-� 5� 0.6 
47 1 
3 2 5 
26. 8 
ShalJah 
Masfut j.�jeletha KhamlU 1n!'1 h 1n!'1 '\Irl'nrt 
47 2 49 0 48 2 49 2 
3 3 . 3� 6  3 4 7 34.0 
27 0 1 27 2 27 2 j 26 2 
-f--+- -+- 20.7 1 8 .9 20.0 1 9 6  23 . 2 2 1. 2 
8 0 1  7.0 4 7  2 0  4. 4 2 5  
STATION LOCATION 
F IG U R E  (28 ) :  A NNU A L  LONG T E R M  C L IMATOLOGICAL S UMMA R I ES O F  T E M P E RA TU R E  FO R 
UA E -.....l 00 
Rel.ti>e I lum.d.� % Ramfall (mm) Surface '" iod s.;;;d (i."tl 
tallOn Locauon 
Mean �lean Mean Extra Mean M ax Gust Max 1\1in Total I Year 
. \bu Dhab. Baleen 1nt'1 A P ( 24:26N 54 27} ) 63°0 8�00 37·0 6 1 . 5 1 56.5 1 988 6.9 69 
Abu Dhab. int'I A.rport ( 24.26N 543% ) 6 1 ·0 85°0 33·0 9 1 .2 202.3 1 988 75 68 
,\1 .\.in (24 UN 5 5 :47E) 48°0 77°. 1 9°0 1 00.7 165 1 972 3 7  
,\1 I libab (25 03N 5 5 3 5E) 53°. 90°0 1 7°0 1 1 5 9  2 1 1 .2 1 988 3 0  
.\",db (23 1 8 N 54 1 3E) 88 I 1 38 1 983 
Bu l Iasa (23:30;-.1 5.' · 1 8E) 1 5 7 92.7 1 988 
BunnI (2546� 56 021') 58°0 84°0 3 1 °0 1 4 1 . 8 1 5 24 1 976 2.7 
J)3> Island (25 .091\ 52: 53E) 
D.bba (25:36N 56 1 6E) 55°0 8 1 ·0 29°0 1 23 1 1 75.6 1 977 4 5  
J).gdaga (25 :40N 5 5 : 5 8E) 58°0 93°0 24°0 1 3 2 8 1 66.8  1 993 1 1  
Duba. 1nt'1 AlrpoJi (25 1 5N 5 5 20E) 60°0 82°0 36°0 90.7 190.4 1 988 6.8 67 
Falai ,\1 ;l.lualla (25:21 :--S 5 5 5 1 F) 53°0 9 1 °0 1 6°0 1 3 1 . 3 2 1 4.2 1 982 1 8  
Jabel Dhana (24 1 1 N 52:38E) 5 1 .0 93 . 5  1 982 8.2 
J..:alba (25 :04N 56.21 E) 60°0 86°0 33°. 1 44.3 268 1983 1 . 4 
:--1asa1i (25 1 8N 56 1 0E) 49·. 78°0 2 1 ·0 1 7 1 . 4 1 68.9 1982 3 .8  
:-'1as1'u1 (24 -I8N 56 07E) 5 1 °0 84°0 1 8°. 1 63 . 5  268.6 1988 3 6  
:-' Iele.ha (25 I ON 5 5 52E) 54°0 86·0 22·0 1 3 5.5 1 82.4 1 988 2.2 
RA j.J,a.mah 1nt'1 A P (25:37N 5 5 :56E) 57°0 8 1 ·0 33·0 1 24.4 1 60.3 1 993 5 .2  69 
Sh3f]ah Int'l :urPort (25 .20N 5 5 : 3 1 E )  6 1 °. 86·0 32°0 1 09.8 1 56.4 1 982 6 I 70 
Annual Mean ExIT 56·/. 85% 21·/. 1 1 0.7 268.6 1 988 43 70 
• RE;l.1ARKS E:\'lR EXTREl\1E \' ALLIE l\ fiN MINIl\ [u}'1 
TABLE ( 1 3 ), Am.'l:AL L01\G TERM CLIMATOLOGICAL SUMl\lARIES FOR 
RELATNE Hl..�[!DITY. RADJ FALL. WIND AND PRESSURE 
SOL'RCE: ;l.ffi\1STRY OF CO;l.Il\[l'N1CATIO:--S. CAE CLIl\IATE.TABLE 26. 
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Pressure MSL,(hpa) 
:-Olean 
1 009 6 
1 009. 7 
1 009.9 
1 0 1 0 2 
1 0 1 0 6 
1 009.9 
- 1 00�o � --
S 90% � 
� 80�o 
== 
� 70% 
j 60% 
� 
50% 
40% 
3 0% 
20% 
1 0% 
0% 
1;" Dhabi Bateen • Relative Humldity · o  Mean Max 
• Relattve Humidity • 0 Mean 
o Relative Humidlt�" t- Jean t-Im T 37"0 
AbU AI 
Dhabi AI Ain Asab 
Int'l 
�hbab 
���
a 
Kalba l 1\ lasafi I l\Jasfut 1\lelei�ha Kh31.n18 
h In]'l AlfPort 
9 1 . . 86°0 78°0 84· 0 86°0 8 1 ° 0  8600 
5 )0 . 60·0 49·0 5 1 ° 0  54°. 57°. 6 1 °0 
1 6' .  J 3'H� '·. ,,'. "'. ,,' . 
STATION LOCATION 
F I GURE (29) ANNUAL LONG TERM CLIMATOLOGICAL SUMMARIES OF RELATIVE HUMI DITY FOR 
U AB 00 o 
300 0 ,.-... 
§ '--' 
� 250 .0  
� 
200 .0  . 
1 50 .0  
1 00 .0  
50 .0  
0 .0  
Abu I Abu Dhabi Dhabi 
I nt 'l 
• Rainfall (mrn) Mean 1 6 1 . 5 9 1 . 2 r. Rainfall (mm) Extra Total 1 56 . 5  202 . 3  
M fM Ain Hibab 1 Asab 
1 00 .7  1 1 5�8 . 1 
1 65 1 2 1 1 . 2 1 1 3 8  
. Dubai Falaj . R A  Sharja 
Buryr I Das Dibba Dlgda I nt'l AI label Kalba Masfu Melel Khai h Int'l at I sland ga Ai M I I  Dhana t ha h . P _rpo �a � rna Air 0 �� �223 . 1 1 32 . 8  90. 7 1 3 1 . 3 5 1 . 0 1 44 . 3  1 63 . 5  1 3 5 . 51 1 24 .�9 8 
l 52� 1 75 . 6  1 66 .8  1 90 .4  2 1 4 .2  93 . 5  268 268 .6  1 82 .4 / ] 60 3 1 1 56 .4 
STATION LOCATION 
FI GURE (30) :  ANNUAL LONG TERM C L IMATOLOGICAL SUMMARIES OF RA INF ALL FOR UAE 00 ,...... 
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FIGURE ( 3 1) '  ANNUAL LONG TERM C LI MATOLOGI C A L  SUMMARIES OF S URFACE WIND S PEED FOR STA T I ON LOCATION 
U AB 00 1 0  
PERlOD 1 972 TO 1 993 
Lat 240 1 3 'N Lon . 550 47'E ElevatlOn : 302 meters 
TEMPERATURE (C) RELATIVE HUMIDITY (%) RAlNF ALL (mm 
MONTHS M EAN MEAN M EAN M EAN MEAN 
MAX M IN MAX M IN 
J AN 1 7.0 24.5 9.5 58% 88% 2 7% 9.3  
FEB 1 8 . 5  25 .5  1 1 . 5  5 6% 86% 28% 37.8 
MAR 22.5 30.5 1 5 .0  5 1 % 8 1 %  22% 2 1 .3 
APR 26 8 3 5 . 6  1 8. 0  43% 7 1 %  1 6% 8.5 
M AY 3 1 . 1  40.6 2 1 . 1  39% 66% 13% 2 
JUN 33 .7  43 .8  23.8 43% 73% 13%, 1 .4 
JUL 35.6 44.3 26.8 4 1 %  67% 1 5% 2.6 
AUG 34.9 43 . 4  27.0 43% 68% 1 9% 6.6 
SEP 32 .7  4 l .4 24.2 43% 7 1 %  1 6% 5 . 1 
OCT 27.8 36. 7 1 8.9 45% 77% 13% Tr 
NOV 22.6 3 1 . 1  1 4 . 2  5 2% 85% 20% l .2 
DEC 1 8.6  2 5 . 8  1 1 .2 60% 89% 29% 4.9 
ANNUAL 26.8 3 5 . 3  1 8.4 48% 77% 1 9% 100.7 
REMARKS.  M AX = MAXIMUM , MIN = M IN I MUM . Tr = TRACE . 
TABLE ( 1 4) : LONG TERM CLIMATOLOGICAL SUMMARIES OF TEM PERATURE, 
RELATIVE HUMIDITY & R AINFALL FOR AL AIN 
SOURCE MINlSTR Y OF C01v1MUNICATION, UAE CLIMA TE.T ABLE ill 
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dlstmgUI shed . There are the cool winter from December to March, and the hot 
dry summer from June to September, whi le other periods are transitional . 
The tem peratures mean rises steadi ly from ( 1 70 C) i n January to a peak of 
(35 6° C) in Ju ly, and thereafter it drops gradual ly . Monthly temperatures remain 
faIrly constant from year to year. The difference between maximum and 
minimum temperatures is always of (250 C). ( Figure 32, 33) .  
The annual mean of relative humidity is (48 %) and the months from 
Apri l to October are s ign ificant ly less humid than the other months. The highest 
mean of maximum relative humidity was recorded in December (89 %) and the 
lowest mean of min imum relat ive humidity of (1 3  %) was recorded in May, 
June and October. ). ( Figure 34, 3 5 ) . 
The mean annual rainfa l l  is ( 1 00 .7  mm), and the monthly rainfal l is very 
variable from year to year where it is usua l ly local ized, fal l ing only few days 
each year mostly i n  February . The h ighest mean of (37 . 8  mm) was recorded . 
(Figure 36,37) .  
Wind speed IS greatest between February and August and i t  is 
consistent ly about (1 3 km / hr), dropping to about ( 1 0  km / hr) on average from 
October to J anuary. Peak gusts are (23 km / hr) greater than the average winds. 
The average wind arrives usual ly from the northwest, southeast and 
southwest . B ut the greatest percentage comes from the northwest, particu larly 
during May and June, at other t imes of the year wind direction can be variable, 
(Figure 38,39 ). 
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Stormy winds and breezes create substantial problems from du t and 
'vvmd-blown and from February to August at the regional level . The effect of 
wmd-blown sand differs between various towns and vi l l ages depending on the 
y\Ind direction in relation to dune format ion and other natural features, along 
with the re lat ionship of the sett lement to those features. Vi l lages such as AI Oha 
and Al Wagan, located on large gravel plains, have few problems, whereas AI 
Fagaa and AI Hayer are particularly affected by wind-blown sand . Being on 
sand plains transverse to prevai l ing winds. Zakhir, AI Suleimat and AI Ain ,  sited 
on stable gravel plains, are at risk only where they about the dunes or where 
dunes are advancing across the plains towards them . The vi l lages on the AI 
Jaww Plain are wel l  sheltered from blowing sand. 
Apart from sand blowing inward from outside the urban areas, all the 
sett lements, including AI Ain town, have serious problems with dust and to 
some extent smal l amounts of sand. This originates mainly form bare ground 
between house lots and from open areas awaiting deve lopment . Wind-blown 
sand also affects motoring, especial l y  on those roads, which pass through dune 
areas, and in part icu lar, across high dunes. The AI Fagaa, AI Hayer and AI 
Shwaib areas are comparatively badly affected, together with stretches of the 
route southwards to AI Wagan and beyond. 
In summary, the c l imate of the region is inhospitable, harsh and arid . 
Very h igh evaporation losses are experienced in summer. The cl imatic 
characteri stics equal ly affect the human and l iving environment and need to be 
90 
taken into account in the design and disposition of bui lding with a view to 
mitigat ing their worst effects and improving the microcl imate. 58 59 60 
Topography: 
I n  tenns of land elevation, the United Arab Emirates may be spl it into 
two distinct zones. The larger low zone covers over (90%) of the country's 
surface area extending from the Al Mayann region in the north-west across to 
the eastern part of the country where it is truncated by the mountain zone .The 
mountain zone consist of a N-S trending ridge of mountains which l ie paral lel 
to the east coast . 
The low zone ranges in attitude from sea level up to ( 300 ) meter above 
the sea level ,  it is characterized by sand dtmes which rise gradual ly from the 
coastal p lain reaching their highest e levat ion . Where the low zone merges with 
the mountain zone, several isolated ant ic l inal h i l l s  and mountains occur, 
trending in a N-S direction. The highest and most extensive of these is Jabal 
Hafit which reaches a maximum altit ude of almost ( 1 200 ) meters above sea 
level . 
The mountain zone fOnTIS the northern part of the Oman mountains and 
has a maximum N-S extents of ( 1 50 ) ki lometers and an E-W extent of ( 50 ) 
ki lometers . Along its eastern and western edges the mountain chain is fringed 
by Bahadas . To the east of the mountain zone, a thin low coastal p lain 
separates the narrow eastern Bahades from the gulf of Oman. 
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Al Ain regIOn l ies on the eastern side of a topographic and Structural 
depression between the Arabian shield and the Omani mountains . The land 
elevation of Al Ain is between the altitudes ( 200-300) meters above the sea 
levels except Jabal Hafi t .  ( F igure 40 ) .  
Al Ain is divided into three sets of land forms, aeolian, fluvial and 
structural forms . The aeol ian forms cover most of the western part of the region, 
where l inear dunes trend NE-SW in a paral le l branching pattern, their relative 
height reaches to more than (50) meters . However, their height decreases 
towards the south- east due to a decrease in sand supply and to erosion by the 
occasional water flow from the Oman mountains . 
F luvial forms consist of wadis, wadi channels, bahada plain and playa 
plains . Because they are contro l led by sand dunes and Jabal Hafit, (Tiwayyah, 
AI- Ain, Al- s i lemi ) wadies have been diverted to the southwest, deposit ing 
their fine materia l as a l arge, tongue shaped interdune playa plain . 
Structural ly  control led forms are those which have developed on the local 
folded mountain b locks, of which Hafit is the l argest and highest . ( Figure 4 1 ) . 6 1  
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IFIGURE (40) : THE LAND ELEVATION IN AL AIN CITY (CROSS SECTION C-C I ) , 
SOURCE ' UNITED ARAB EMlRATES UNI VERSITY . THE NATIONAL ATLAS OF THE UNITED ARAB EMlRATES . PP 3 5  
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F IGURE (4 1 )  : AL-AIN TOPOGRAPHY FROM A SATELLITE VIEW. 
SOURCE. UNITED ARAB EMIRATES UNI VERSITY . THE NATIONAL ATLAS OF THE UNITED 
EMIRATES . PP.7. 
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4.3 G enera l im pacts on housing: 
There are some broad design principles need to be clarified and analyzed 
as cntena in j udging the cl imate effects on the state funded hOllsing, these 
prmciples inc lude: 
1 - Siti ng and orienation :  I t  i s  the re lationship of the bui lding to the land, the 
sun and the wind. 
2- Bui lding shape: Exposure I S  the contact of the bui l ding envelope with the 
cl imatic condit ion. Thus the less skin, leads to less exposure . 
3- Nature of the envelope : it consist of the fenestration, insulat ion, thennal 
mass, wal l shading, color and reflectivi ty, openings and penetrations. 62 
Siting 
S it ing, m this context , i s  the site location in functional relationship to the 
topography of the site. Topography is an important element in determining the 
val ue and appropriateness of a site, special ly, it is combined by the cl imatic 
factors . 
The best type of topography for housing is general ly  considered to be 
level or gent ly rol l ing terrain with slopes less than ( 1 0  to 20 %) . However, 
rugged contours may, by careful study and imaginat ive design, turned into 
advantage and add features .63 
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The topography affect the microc limate of a site in many ways. As an 
example, south fac ing slopes catch more sun and cold air movement than the 
north facing slopes. Also the east and west fac ing slopes maximize solar gain at 
the ground in the summer whereas radiation intake should be minimum. 
The wind could be affected by local ridges, where is the cold airflow is 
always directed downhi l l .  This airflow can be  ( 5 °  F to 1 0° F ) cooler than the 
. } · 1 1  64 aIr up 1 1  . 
The wind speed increases with altitude as a result of less friction from 
surface features. Bui ld ings and vegetation cut pedestrian l evel wind speed to a 
fraction of the wind velocities aloft when the surrounding structures are of 
nearly uniform height . A single tower more than ( 50  %) tal ler than its 
neighbors wi l l  create h igh ground wind velocit ies, the tower catches the high 
speed winds and convert them to ground winds in the form of a vortex in the 
wind ward side of the bui lding ( Figure 42 ) .  Wind speed also increases at the 
comers of a bui ld ing as it compresses to get around the sharp edges. (F igure 
43 ) . 05 
The microc l imate can be total l y  altered as a result of these effects and 
very l i tt le can be done to stop it . However, wind tunnel studies should always 
be undertaken when one or more ta l l  bui ld ings are placed in a neighborhood of 
uniform structures . The problem is so wide spread that the federal 
Environmental Protection Agency (E .  P. A) at the United States of America 
W I N D  FLOW 
T U RBULENT, 
H IG H  SPEE D  
FLOW 
F IGURE (42 )  : A REVERSE WIND VORTEX FORMS AT THE 
WINDWARD S IDE OF ANY OBSTRUCTION. 
OURCE: TIJv10THY E. JOHNSON. SOLAR ARCHITECTURE THE DIRECT GAIN 
APPROACH. PP. 63.  
W I N D  FLOW 
HIGH SPEED REGION 
PLAN VIEW 
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FIGURE (43 ) : WIND VELOCITY INCREASES AT BUILDING CORNERS .  I 
SOURCE: TIMOTHY E JOHNSON. SOLAR ARCHITECTURE THE DIRECT GAIN APPROACH. PP 6.+ 
9 
req UI res wind tunnel tests for certain types of new federal bui ldings .oo 
Orienta tion: 
Orientation is the placement of a bui lding so that it may obtain the best 
advantages in relation to it 's physical location. The major considerations in 
orientatIOn of a bui lding are : sunl ight, prevai l ing wind and breezes. 
Orienta tion Principles: Orientation in architecture encompasses a large 
segment of different considerations. The expression "total orientation" refers 
both to the physiological and psychological aspects of the problem. 
At the physiological side the factors which affect human senses, and have 
to be taken into consideration are : the thermal impacts-the sun, wind, and 
temperature effects act ing through human skin envelope; the visible impacts- the 
different i l l umination and brightness leve ls affecting human visual senses; and 
the sonic aspects- the noise impacts and noise levels of the surroundings 
infl uencing human hearing organs . I n  addition, human respiratory organs are 
affected by the smoke, smel l ,  and dust of the environs .  
On the psychological side, the VIew and the pnvacy are aspects ill 
orientat ion which quite often override the physical considerations. 
Above al l , as a bui lding is only a mOSaiC unit in the pattern of a town 
organization, the spatia l effects, the social intimacy, and its re lation to the urban 
98 
representatI e directions- ae thetic, pol it ical , or social-al l play a part in 
posit lOnmg a bui lding. 
Thermal  Forces I nfluencing Orientation : The c l imatic factors such as wind , 
solar radiation, and air temperature play the most eminent role in orientation . 
The position of a structure in northern lat i tudes, where the air temperature is 
genera l ly cool , should be oriented to receive the maximum amount of sunshine 
without wind exposure . In southerly latitudes, however, the opposite wi l l  be 
desirable; the bui lding should be turned on its axis to avoid the sun ' s  unwanted 
radiation and to face the cool ing breezes instead . 
Adaptat ion for wind orientation is not of great importance in low bui ldings, 
where the use of windbreaks and the arrangement of openings in the h igh and 
low pressure areas can help to amel iorate the airflow situation . However, for 
high bui ldings, where the surrounding terrain has l itt le effect on the upper 
stones, careful consideration has to be given to wind orientation .67 
Solar  orientation : 
The objective of orientation for the sun is to obtain sunl ight when it is 
desired and to block out sunl ight when it is not desired .The fol lowing is a l ist 
of orientations and their result ing effects :  
South Orientation : Sunl ight occurs from late mornmg to early afternoon . 
During the summer months the sun appears high in the sky and during the 
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v. inter months the sun appears low m the sky . South Orientation is the best to 
obtain the maximum sunl ight during winter days . 
East Orientation : Sunl ight occurs only in the mornmg hours .  During the 
summer months, when the sun rises in the east, the early morn ing hours have 
unl ight . The sun is very low in the sky and it is difficult to shade in summer. 
During the winter months, when the sun is desirable, the sun nses more 
towards the southeast, thus providing a shorter period of sun l ight . 
Southeast Orientation : Sun l ight occurs from early morning to late morning, 
or possibl y  to noon . At midmorning the sun is reasonably h igh in the sky and 
provides a moderately intense sunl ight . 
Southwest Orientation :  sunl ight occurs from early afternoon to late afternoon, 
the sun is reasonably high in the sky. The rays of the sun seems much more 
intense than the morning sun because of the accumulat ive effect of the air 
temperature by this t ime of the day. 
Northeast Orientation : Sun l ight occurs onl y  in the very early morning hours 
only during summer. The sun appears very low in the sky and the sun is 
general ly not so intense, providing a negl igible sunl ight . 
Northwest Orienta tion : Sun l ight occurs only in the late afternoon hours only 
during summer. During the summer months, the sun is very intense and this 
provides a moderately yet negl igible sunl ight . 
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We t Orienta tion : Sun l ight IS present from mid afternoon to late afternoon . 
During the summer months, the west sun is very intense . It IS set general ly in 
the west or northwest . During the winter months, the sun is general ly set in the 
south\\ est . West orientat ion is difficul t to shade due to the h igh intensity, low 
latitude angle of the sun in the summer. 
North Orientation :  No Sun l ight I S  obtained from the direct north 
orientat ion.68 ( Figure 44) .  
The fol lowing ( Figure 4 5 ), (Table 1 5 ) shows that in the upper latitudes 
the south side of a bui lding receives nearly twice as much radiation in winter as 
m summer. This effect is even more pronolllced at the lower lat i tudes, where 
the ratio is about one to four. In the summer, the west exposure is more 
disadvantageous than the east exposure, as the afternoon h igh temperatures 
combine with the radiation effects . In al l lat i tudes, the north side receives only 
a smal l amount of radiation, and this comes mainly in the summer. In the low 
lat i tudes, in the summer, the south side receives nearly twice the impact of the 
north side . The amount of radiation received on a horizontal roof surface 
exceeds al l other sides. 
Experimental observations were conducted on the thermal behavior of 
bui lding orientation at Princeton University ' s  Architectural Laboratory ( Figure 
46), shows the summer results of structures exposed to the cardinal directions. 
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FIGURE (44) : BUILDING ORIENTATION FOR SUN 
SOURCE. JOSEPH D C  CHIARA. JULUIS PANERO AND MARTIN ZELNIK, 
TIME SA VER STANDARDS AND RESIDENTIAL DEVELOPMENT. SEC EON. 
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LATITUDE SEASON EAST SOUTH W EST NORTH HORIZONTAL 
LATIT U D E  
W I NTER 4 1 6  1 374 4 1 6  83 654 
44 0 S U M M E R  1 3 1 4  979 1 3 1 4  432 2536 
LATITUDE W INTER 
5 1 7  1 489 5 1 7  119 787 
40 0 
S U M M ER 1 277 839 1 277 430 2619  
, 
LATITVDE WINTER 624) 1606 620 140 " I ":. 954 '!;'J.,',:. � ,� .. 
32 ° ,. "i I"" SuMMER I" 1207 s'63 1207 452 2596 
\,.1. . '  ' � '.' w:�;, " .,. , ., r· 
" " 
WINTER 734 1620 734 152 n' 1414 LATITUDE 
24 ° SUMMER 1 193 344 1 193 616 I " 2568 
� TABLE ( 1 5) : TOTAL DI RECT AND D IFFUSED RADIATION I I ( BTU/SQ. FT . DAY). 
SOURCE: RAM SEY SLEEPER. ARCHITECTURAL GRAPHIC STANDARD. 7TH EDN . PP. 86. 
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FIGURE (46) :  ROOM TEMPERATURE IN D IFFERENTLY ORIENTED 
HOUSES .  
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It is noticed that the unequal heat distribution has high heat impact of the west 
exposure if compared to the east orientation . The southern direction gives a 
pleasantly low heat volume, s l ight ly higher, however, than the north 
()9 expo ure. 
Room Orienta tion :  
Genera l ly, there are accepted orientat ions for different rooms within the 
de\ e l lmg unit . However, it is very difficu l t  to achieve these ideal orientat ions 
for each room and same compromIses must be made . Some sunl ight in the 
dewel l ing during the day is required . The fol lowing: orientat ions of room should 
be used as guidel ines rather than rules . 
Bedrooms :  Sunl ight streaming into the bedroom upon waking up is preferable .  
This i s  achieved by an easterly or North easterly exposure . West exposure 
should be avoided because of the hot summer sun that heats up the rooms in the 
afternoon and early evening. Also the sleeping area must be located on the 
coolest area of the house with no direct sun l ight .  
Living Roo m :  The l iving room should have a southerly exposure . I n  hot 
c l imates, a properly designed overhang prevents direct sun l ight from entering 
the room . I n  winter t ime the low angle of the sun al lows sunl ight to penetrate the 
depth of the room .  
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Di n ing Area : An easterly exposure al lows unl ight to enter dur ing the morning 
for breakfast meals al 0 it is more health ier . 
Kitchen : The personal preference of the individual has great deal on the kitchen 
orientation . However, many people prefer some sunl ight in the kitchen, also as 
we tated earl ier, the east and west orientation for the non habitable rooms ( l ike 
the kitchens, stores, toilets, . .  etc) could be more thermal ly efficient especial ly if 
these rooms used as thermal barriers. 
l\'lu lti purpose Area : This is often a major fami ly activities area and it should 
have simi l ar orientat ion to l iving area. 
Libra ry :  The l ibrary should be oriented toward the north .  This provides an even 
l ight source and prevents any possible book damage by the direct sun rays. 70 
(Figure 47) .  
Based on the advanced discussion the orientation of bui ldings should face 
north and northwest and less preferable northwest, since these elevations 
receive the lowest heat loads from solar radiat ion . The worst orientation is the 
west Although solar radiation is simi lar on the east and west elevations, peak 
intensity on the west coincide in t ime with the highest air temperatures, causing 
a higher total peak load . Non -habitable rooms (stores, toi lets, etc . .  ), can be 
effective ly used as thermal barriers if planned and placed on the east 
part icularly the west end of the bui ldings.7 l  
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SOURCE JOSEPH DC CHIARA JULUIS P ANERO AND M ARTIN ZELNIK. TIME SAVER STANDARDS 
AND RESIDENTIAL DEVELOPMENT SEC EDN. PP. 83 .  
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Orienta tion  for preva i l ing winds a nd breezes : 
The orientation of bui ldings in relation to prevai l ing winds has an 
important heating and cool ing factor. Since the winter and summer winds are 
genera l ly opposite one another, an orientation that reduces the effects of winter 
winds can also take advantage of the summer winds. A bui lding perpendicu lar 
to the prevai l ing winds receives the ful l  brunt of the wind force, but an angle of 
45° orientation (a corner facing the wind ) wi l l  reduce the wind impact as much 
as 50 �o . 
However, if this angle is turned too far east or west, the efficiency of the 
bui lding reception of solar radiation wi l l  be affected; therefore, in the design 
process a compromise is requ ired between the orientation for wind and for sun 
and the design for other site features. ( Figure 48) . 
Landscaping p lans can be custom designed so that wind breaks (tree, 
structure material or both) buffer a home from hot sun and cold wind and also 
channel cool ing breezes toward i t .  The most effect ive wind breaks are those 
placed perpendicular to the prevai l ing winds and extending beyond the zone 
needing protection in both direction, ( F igure 49), also the height of the 
windbreak is direct ly related to the distance of the protected zone in front of it 
and behind i t , the shorter the windbreak is the shorter the zone of protection wi l l  
be, but always the windward length of the protection zone ( 2-5 t imes the break 
height ) is shorter than the leeward ( 1 0- 1 5  t imes the break height ). Therefor, 
/1 PERPENDICULAR 1/ 
/1 TURNED 45 0 1/ 
LOW WIND IMPACT; POOR 
FROM SOLAR STANDPOINT. 
I F IGURE (48 )  : INFLUENCE OF TURNING A BUILDING 
VAR IOUS WAY INTO THE WIND. 
SOURCE KIM W .  TODD SITE. SPACE AND STRUCTURE .  PP.72. 
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�DBREAKS SHOULD BE 
PERPENDICULAR. 
TO THE PREVAIL ING WINDS. 
F IGURE (49) :  WINDBREAKS PERPENDICULAR 
TO THE PREVAIL ING WINDS .  
2-5 PROTECTION 
,( � 
1 0- 1 5  PROTECTION 
f 
1 1 0 
FIGURE ( 50 )  THE WIND CONTROL ZONE ESTABLISHED BY A WIND 
BREAK. 
SOURCE. K.lM W TODD. S ITE. SPACE AND STRUCTURE. P P  73 . 
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any site feature or struct ure needed protectIon should be located within the 
protect zone. ( Figure 50) . 
The wind brea k :  
The less penetrable, more uniform windbreak, the shorter the protection 
zone with turbulence in the zone adjacent to the dead spot the more penetrable , 
Ie s uniform windbreak, the longer protection zone . ( Figure 5 1 ) . 
The length between the structure and the windbreak should be considered 
thoroughly, the c loser the structure the more air pockets wi l l  occur with l ittl e  
movement . The opt imum protection occurs at distances from ( 5-7 times the 
height) . ( Fi gure 52) . 
Not only, the height but the density, the uniformity of canopy, and the 
material s  used affect the efficiency of a windbreak . In  (F igure 53) the shape (D) 
is desirable because i t  i s  penetrable with various heights and densities. In 
(Figure 54 ) the desired shape is (C  ) because its cross section is rectangular with 
irregular surface whi le the other shapes (A,B),  the pitched roofs cross sections 
creates either an updraft that al lows the wind to return quickly to its previous 
speed or a down draft that directs the wind toward the zone to be protected 
rather than away from i t .  
Air flow is from zones of high pressure to zones of low pressure a sol id or 
plants material barriers creates a h igh pressure zone on its windward side and 
low pressure zone on its leeward side, so large openings on the leeward side 
sha l l  speedup the wind as they go through the zone and the channel the 
. . 
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C • • • •  • • • •  
_ 9 - � · · ·  • 
il LESS PEN ETRA BLE, MORE U N I FORM W I N D  B REAK Ii 
PROTECTED WIND SPEED RODUCED BY ROUGH 
ZON E  PROFI LE A N D  CANOPY PENETRATION 
1 1 2 
TURBULENCE 
LESS TOTAL 
PRODUCTION IN 
� ... _ ... ���I11!����������...L�VELOCITY, GREATE R  "" .. ,-,"'-'-'L> PROTECTION 
PLAN I 
II M O RE PEN ETRA BLE, LESS U N I FORM W I N D  BREAK II 
FIGURE ( 5 1 ) : COMPARISON OF MORE AND LESS PENETRABLE 
WINDBREAKS, AND THEIR  RELATIVE DEGREE OF 
PROTECTION . 
SOURCE:  KIM W. TODD. S ITE. SPACE AND STRUCTURE. PP.7� . 
MAXIMUM EFFECTIVE PROTECfED ZONE· 10- 1 5  H 
OPTIMUM 5-7H 
TOO CLOSE 
PLACING A STRUCTURE 
TOO CLOSE TO THE ENDS OF 
A WINDBREAK REDUCES 
THE PROTECTION 
1 1 3 
TOO FAR 
FIGURE ( 52 ) :  THE AREA OF OPTIMUM PROTECTION BEHIND A WIND 
BREAK 
SOURCE K I M  W TODD SITE. SPACE AND STRUCTURE. PP. 75. 
A- TOO UNIFORM 
B- V ARlED PROFILE, TOO DENSE 
C- CANOPY 
D- VARIED HEIGHTS, PENETRABLE 
F IGURE ( 5 3 ) :  HOW DIFFERENT PROFILES AFFECT THE 
WIND. 
SOURCE :  KIM W.  TODD. SITE. SPACE AND STRUCTURE. PP.76. 
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A- PITCHED ROOF 
B- PITCHED ROOF 
c- I RREGULAR BUT RECTANGULAR 
F IGURE ( 54) :  CROSS SECTIONAL DIFFERENCES IN 
WINDBREAKS .  I 
SOURCE KlM W. TODD. S ITE. SPACE AND STRUCTURE. PP.77. 
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beneficial summer winds toward the bui ldings. Although wind protection can 
result from sensit ive placement of even a single tree, the use of at least rows of 
vegetat ion is recommended . 72 
Building shape: 
The question of what shape a bui lding should be is one of the most 
fundamental issues which confronts an architect . Thus from his radiation 
calcu lat ion in different environmental situations, Olgyay stipulates that a square 
house is not the optimal shape anywhere . However, shapes elongated in a north­
south direction are less efficient in both winter and summer than square houses. 
He concludes that in every case the most satisfactory shape is one in which the 
house is elongated in some general east-west direction . 73 
His analyses show that a square shape is most nearly optimum in cool 
c l imate areas because of the general need to conserve heat . The greatest internal 
area can be contained within a cube- the larger the cube, the smal ler the surface­
to- vol ume ratio which improves the heat-retention characteristics of the 
build ing. A two-story structure is quite desirable . (F igure 5 5 )  
Wmter conditions m hot, arid regIons would permit an elongated house 
design, but the severe heat stresses in summer would require a square house to 
min imize surface area . Thus a compromise i s the square bui lding with an 
interior courtyard containing shade, or a general ly cubical bui lding with a 
portion of one wal l cut out, the area being grassed and containing trees, a pool , 
VOLU M E : 8 CUBIC UN ITS 
SURFACE : 24 SQUARE UNITS 
VOLUME : 8 C U BIC U N ITS 
SURFACE : 28 SQUARE UN ITS 
I FIGURE ( 5 5 )  • SURFACENOLUME RATIO. ! 
SOURCE. VAUGf-IN BRADSHAW. BUILDING CONTROL SYSTEMS. SEC EDN. PP 223 .  
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an evaporat Ive cool ing device, or a trel l i s  with vegetation . I f  the outside wal l  is 
cont inued around the whole bui lding, the small garden environment (s imi l ar to 
the old courtyard plan ) provides a cool area within the house structure while 
min im izing the solar radiat ion impact on the outside wal ls of the house . 
The hot-humid environment emphasizes the need for shade and e l imination 
of radiation condit ions on the east and west wal l s .  This suggests marked east­
west elongation of the bui lding with smal l east and west wal l s .  If protect ive 
shade is avai lable, considerable amount of freedom is possible in house shapes . 
Orientation to take advantage of venti l at ion effects can then become as 
important as orientations to min im ize radiation effects .74 
Nature of the e nvel ope 
The bu i ld ing envelope and enclosure are the wal l s, roof, and floor of a house 
combine to form an envelope. These elements are wrapped around the spaces 
that people l ive in .  The extent to which th i s enve lope creates a secure interior 
space as distinct from the out- of- doors (the out door c l imate) is cal led the 
enclosure. 
The envelope is an object (an assembly of pieces), whi le the enclosure is an 
achievement ( how wel l  those pieces fit together) .  An envelope is a kind of al l 
or nothing . One either has one or not, but an enclosure is never complete, l ike a 
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grantte tomb. 75 In this study the aim is to achieve a better enclosure and this 
enc losur consists of the fol lowing : 
Fenestration : 
Fenestrat ion IS the term used for any l i ght transmitt ing openmg III a 
bui lding wal l or roof such as: windows, skyl ights, and clerestories . I t inc ludes 
the glazing materials, framing, shading devices and curtains . .  etc . 
The purposes of fenestration are : ( I )  visual communication with the outside 
world, (2)  admittance of solar radiation to provide l ight and heat, ( 3 )  admi ttance 
of outside air, (4) a means of entrance and exist in case of emergencies, and ( 5 )  
enhancement of  the exterior and interior of  the enve lope. 
From the point of view of energy and comfort, adequate control of sunshine 
and heat transmission is the most important factor in the use of fenestrat ion. To 
prevent excessive glare and radiant heat bui ldup through fenestration exposed to 
direct rays or reflection from neighboring surfaces, some form of solar control is 
required . On the other hand, sometimes, it is desirable to col lect solar heat gain .  
Exterior sun control devices (shading devices) rejects about (80%) of the 
incident sol ar radiat ion, whi le internal shading accepts al l that is transmitted 
through the glazing and re-radiates it to the space . Outside shading devices are 
continuously cooled by ambient breezes carrying away the absorbed heat, but 
inside shades intercept the radiation only after it is trapped inside the envelope. 
The exterior shading location provides additional design option for the fayade. 
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However exterior devices ubject to dirt accumu lation, wind damage and 
weathering.76 
Glare proble m :  
I t  i general ly accepted that bui ldings where people l ive and work should 
receIve adequate dayl ight, under average conditions. Habitable rooms in 
dwel l ings should receive some sunl ight . Thi s involves considerations of siting 
orientat ion and spacing, the latter so that one bui lding does not unduly reduce 
the amount of l ight received by another. 
In the tropics and hot sunn y  regIOns general ly, the problem is not of 
enSUrIng sufficient natural l ight but of shielding interiors from excessive l ight 
and glare, especia l ly in the early mornings and late afternoons. 
G lare is one of the most important des ign considerat ions in both 
day l ight ing and direct-gain passive solar energy col lection . The contrast 
between a bright outside environment viewed through a window and the 
darkness of an interior space can cause discomfort and eye fat igue as the eye 
repeated ly readj ust from one l ight ing condition to the other. Direct sunl ight or 
reflected sunl ight from bright, shiny surfaces, must never permitted to enter the 
field of view of an occupant . 
The methods for avoiding glare and reducing brightness contrast fal l  into 
two categories :  com pati ble interior design a nd l ight control devices . 
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Com pati ble interior de ign : surface brightness should change gradual ly from 
outside to inside. Using l ight color and high reflectances for window frames, 
wal ls, cei l i ngs, and floor can reduce contrast . 
Windows should be placed adjacent to l ight colored interior wal l s so that 
the l ight reflected from those wal ls produces a transition of l ight intensities, 
rather than an extremely bright opening surrounded by unl it wal ls .  Window 
opening should by beveled on the inside to form a transitional surface between 
the window and the interior wal l surface, whi le it al lows more l ight penetration . 
Plac ing fenestration in other wal l s  or even on the roof reduces the contrast 
between a window and its surroundings. G lare is avoided by positioning 
fenestration away from excessive ly bright views. 
As a rul e  of a thumb for avoiding glare problems and for proper daylight 
penetration, the height from the top of the window to the floor should equal 
about one half the depth of the room, and whenever possible, additional daylight 
shou ld be introduced at the back of the room . 
It is preverbal to orient furniture so that day l ight comes from the left side or 
the rear of the l ine of sight . A workstation should never face a window unless 
the window has a northern exposure and there are no exterior glare sources in 
the l ine of sight. 
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Light control devices : Light control devices can be divided into three 
categories : exterior, interior, and integral with the glazing itse lf some are fixed 
and other flexible . A design may combine more than one device for the same 
opening. In addition to control l ing glare and l imit ing excessive brightness at the 
perimeter, contro l devices can be used to balance l ight patterns and distribute 
dayl Ight throughout a room. 
Exterior l ight contro l  includes overhangs, outdoors l ight she lves, louvers, 
fins, egg crates, and site work . I nterior control s  are general ly more flexible, 
offering the occupants a choice to adj ust the amount of l ight and heat entering 
the space, but do not keep out the solar heat gain as wel l .  The common types of 
interior devices are retractable shades ( opaque or translucent), draperies, 
curtains, venetian bl inds or insulated panels .  For maximum effectiveness, the 
outside facing surface of any of these devices should be mirrored or highly 
reflective .  
The glazing materia ls l ike the tented or reflective glazing or the glass 
blocks cut down the day l ight ing potential . However, the clear glass with some 
form of shading is more preferable because it controls glare and unwanted heat 
gam . I n  addition low transmission glazing does not e l iminate the need to  shield 
the occupant from the glare from direct sunl ight . 77 
Natura l  venti lation : 
The ai rflow i n  and around bui ldings has the fol lowing function : 
1 .  Provide ai r exchange for health and for odor removal . 
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2 .  Cool the human skin by accelerating conduct ive and evaporative loss, if 
needed. 
3 .  Cool the interior space where desired. 
4 .  Cool the bui lding fabric i n  overheated conditions. 
5. Remove the undesirable moist ure from the building fabric, surface, and 
. .  78 mtenor spaces . 
Airflow patterns: 
Airflow moves from the higher (+ ve) to lower (- ve) pressure zones. This 
pressure zones exist on the bui lding boundary and between the exterior and the 
interior air . The size and the location of the opening manipulates pressure in and 
around the bui ldings .  Low air velocity may accelerates when in lets are smaller 
than outlets . In warm humid condi tions where steady, desirable prevail ing winds 
occur, restricted openings hinder comfort and both in lets and out lets should be 
large . Windward side of a bui lding against wind flow is always of high pressure 
and leeward side has low-pressure area or (wind shadow) .  
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Air stream may change direction several tim es, resu lting in a decreased 
velocit ies, but promoting turbulence that may improve air movement in 
stagnation areas. Velocities decrease when part itions are located near the inlet 
but improve when located nearer the outlet .79 ( Figure 56) 
I nsulation : 
The theory of insulat ion is simple :  some materials, such as aluminum or 
brick, transmit heat easi ly whi le others, such as wood or plastic foam, transmit 
heat slowly. A good insulator impedes the movement of molecules, keeping 
their energy from being transmitted; the movement of molecules is cal led heat . 
The physical princip le that explains bui lding insulation i s that dry, sti l l  air 
transmits heat poorly .  Therefore, bui lding insulat ion is made to trap the 
maximum amount of dry air in smal l pockets .  The pockets prevent the trapped 
air from moving by convection, and thus heat movement is retarded. 
The insulation materia ls vary in their resistance according to their U-values 
and R-values both sha l l  be explained later . Low U-values indicate good 
insulation propert ies . 8o 
Thermal Function : 
The two major functions of bui lding insulation are to : 
I )  Control temperature of inside surfaces that affect the comfort of occupants 
and aid or deter condensat ion . 
2 )  Conserve energy by reducing heat transmission through bui lding sect ions . 
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FIGURE ( 56) : C ROS S VENTI LAT ION. 
SOURCE RAMSEY/ SLEEPER. ARCH ITECTURAL GRAPHIC STANDARDS. 7TH EDN, PP 1 1 2 
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Thermal insulation may also perform several other functions such as: 
I )  Add structural strength to a wal l ,  cei l ing, or floor section . 
2 )  Provide support for a surface finish. 
3 )  Impede water vapor transmission. 
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4 )  Prevent or reduce damage to  equipment and structure from exposure to  fire 
and freezing conditions ( in cold c l imates) . 
5 )  Reduce noise and vibration . 
Basic Materia ls :  
Thermal insulat ion i s made from the fol lowing basic material : 
1 .  Mineral fibrous : Material such as glass, rock, slag, or asbestos that is 
melted and spun into thin fibers . 
2 .  Mineral cel l ular : materials such as foamed glass, calcium si l icate, perl ite, 
vermicu l i te, foamed concrete, or ceramic .  
3 .  Organic fibrous : materials such as wood, cane, cotton, hair, cel lu lose, or 
synthet ic fibers . 
4 .  Organic cel l ul ar : materials such as cork, foamed nlbber, polystyrene, or 
po 1 yurethane . 
5 .  Metal ic :  a luminum or other foi l s, or metal l ized orgamc reflect ive 
membranes that must face air, gas fi l l ed, or evacuated spaces. 
Thermal insulation is avai lable in the fol lowing physical forms :  
J . Loose fi l l : dry granules, nodules or fibers poured or blown into place. 
2 .  Flexible or semi rigid :  Blankets and batts of wool l ike material . 
3 Rigid :  boards and blocks. 
4 .  Membrane : reflect ive insulation . 
5 .  Spray appl ied :  mineral fiber or insulat ing concrete. 
6. Poured in place : insu lating concrete . 
7 .  Foamed in p lace : polyurethane, urea formaldehyde. 8 1  
Mecbanisms of beat transfer: 
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Heat is a form of energy, it i s  actua l ly the motion or agitat ion of molecules 
and atoms in a substance. The amount or quant ity of heat i s  commonly measured 
in British Thermal Units ( BTU ' s) .  One (BTU) equal to the amount of heat 
required to raise the temperature of one pound of water one degree Fahrenheit, 
one thousand ( BTU) equal (MBTU). 
Temperature is a measure of the level of motion or agitat ion of molecules 
and atoms in a substance. In other words it i s  a measure of the intensity of heat . 
The difference between heat and temperature is important, if one has one 
gal lon of water at 50°F and 1 0  gal lons of water at 50°F, both are at the same 
temperature ; however, the 1 0  gal lons contain 1 0  times the amount of heat (the 
number of BTUs) . 
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Heat from the sun is the energy from the sun that tra el to earth by 
electromagnet ic waves which range from improved to ultraviolet . When these 
waves strike a surface it is either reflected, transmitted, or absorbed . This 
depend on the propert ies of that surface . I f  the surface is reflective, such as 
pol Ished metal most of the sun l ight is reflected, and if the surface is translucent 
l ike a window, much of the sun l ight wi l l  pass through. Although a smal l 
amount is reflected, sti l l  if the surface is opaque ( not translucent ) much of sun 
l ight is converted to heat energy and absorbed by the materia l .  82 
Heat transfer:  
The flow of heat is defined as energy transfer between two regions 
due to difference in temperature . Heat transfer i s actual ly  the transfer of energy 
on a microscopic scale where i t is the transfer of motion from a more excited 
group of molecules to a less excited group, as shown in ( Figure 57 ) .  The cold 
region is simply one with less thermal energy and the warm region is the one 
with more thermal energy, the heat transfer always occurs from a warm region 
to a cold one . As long as there is a temperature difference there is a tendency for 
heat to flow from the region with h igher temperature to that with lower 
temperature, thereby decreasing the temperature of the former and increasing the 
temperature of the l atter. 
When heat transfer no longer occurs between two regions ,this means 
either they both reach the thermal equi l ibrium or the perfect and complete 
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I FIGURE (57) : H EAT TRANSFER ON A MOLECULAR I I! L E V E L. WHEN HOT, EXC ITED MOLECULES ARE 
, BLENDED WITH COOL, UNEXC ITED MOLECULES; 
THE RESULT IS A LEVEL OF MOLECULAR 
EXC ITATION (TEMPERATURE) BETWEEN THE TWO 
' EXTREMES. I! 
SOURCE' VAUGHN BRADSHAW. BUILDING CONTROL SYSTEMS. SEC EDN. PP -l9 
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I so lat ion is achieved , but their is no such thing as a perfect thennal insulator , 
some heat transfer sti l l  occur . 
Heat or thennal energy transfer occurs by three modes as i l l  ustrated in 
( F Igure 58) They are : 
1 ) Cond uction, which is heat transfer from one part ic le to another in direct 
contact wi th i t .  
2 ) Convection,  which is heat transfer by fluid motion . 
3 ) Radiation,  which is heat transfer by electromagnetic waves 
The rate of heat transfer is a function of: 1 )  The magnitude of temperature 
difference. 2 )  The area perpendicular to heat flow path, and 3 )  The resistance to 
heat transfer of whatever medium separates the two areas . 
The heat loss or heat gain through the bui lding involves al l three basic 
modes of heat transfer, conduction, convection and radiation . For convenience, 
the composite coefficient known as U - value of an assembly of materials is 
used to correlate the overal l rate of heat transfer with surface area and 
temperature difference as in the fol lowing formula :  
Q = Heat transfer rate 
A= Area 
U= u-value, Overal l heat transfer coefficient . 
(T I - T 2)=temperate differential 
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I FIGURE ( 5 8 ) . THE THREE MODES OF HEAT TRANSFERJ 
SOURCE: VAUGHN BRADSHAW. BUILDING CONTROL SYSTEMS. SEC EDN. PP 50. 
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R 
U u-value 
R R-value 
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The U-value is usual ly less than ( 1 )  and the R-value represents the 
degree of resistance to heat flow . Also one could define it as the summation of 
the resistance of the air fi lm materials and air spaces where is each element 
plays a part in retarding the heat flow as fol lows : 
1 .  The heat transfer varies with wind velocity and with the physical 
character of the exterior surface. 
2. Each layer of material contributes some resistance, depending on the 
material properties and thickness . 
3 .  Each air space adds a measurable amount of resistance depending on 
dimensions of the space and the character of the surface facing the 
space . 
4 . the inside surface has a fi lm  conductance that represent resistance to 
heat t1ow. 
Architects and Engineers general ly refer to wal ls ,roofs ,floors, doors and 
l ight transmitt ing openings l ike windows, skyl ights, . . .  etc, as the bui lding 
envelop. When there is a c l imate difference between interior and exterior air , 
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the bui lding envelop acts as the mediator between the external and internal 
cnvlronrncnts . Th is process of heat transfer through thc bui lding envelope 
re ul ts in heat losscs and sensible heat gains wi thin the building as the 
fol lowing figure i l l ustrates . ( Figure 59) . 8 1 
Thermal mass : 
Mas , the property of density, can have a great effect on the energy 
consumpt ion of bui ld ing, and somet imes of greater consequence than insulat ion . 
Mass has the abi l i ty to store heat and thus to delay the effects of the outdoors 
temperature cyc le .  Bui ld ings of heavy masonry construction are good examples 
of the moderat ing effect of heavy construction, whereas l ightweight construction 
of (wood or metal ) does l i t t le to delay heat flow, thus making it necessary to 
rcstrict the flow of energy with insulation. 
Every bui lding material has the abil ity to both resist and delay the flow of 
energy . Some materials are better in one characteristic than in another. Brick and 
concrete can absorb large quanti t ies of heat but do l i t t le to resist flow . 
Conversely, fiber glass insulation does not conduct heat wel l  because of its high 
resistance, but i t  cannot absorb or delay the passage of energy . 
Insulat ion I S  vcry important m c l imates with extremes in yearly 
temperatures, that is extremely cold winter and extremely hot summer simi lar to 
that in U.A .E .  A bui lding in such cl imatc needs large amounts of insulation to 
restrict the flow of heat in both winter and summer. But in a moderate cl imate, 
OLAR RADIATION ! 
WIND 
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i FIGURE ( 59) : HEAT GAINS AND LOSSES IN BUILDINGS .  I 
SOURCE: VAUGHN BRADSHAW, BUILDING CONTROL SYSTEMS, SEC EDN. PP 50. 
1 3 5 
exces lve insu lat ion may act ual ly cause the need for more cooling energy . I t is 
alway important to determine in which direction heat flow wi l l  occur and for 
what periods of time that flow occurs .  
The adequate usc of mass is in bui ldings which have large daily swings in 
energy consumption. The best possible sit uat ions are bui ldings which require 
equal amounts of heat ing and cool ing over a 24-hour cycle. By delaying the heat 
bui ldup during the day, the heat can be used to wann the building at night . Even 
bui ldings which require only heat ing or only cool ing may find mass worthwhi le .  
Mass is slow to respond to controls, which must anticipate condit ions hours 
l l1 advance. Factors to be considered include the general c l imate conditions, 
diurnal swings, and occupancy modes . 
Placement of insulation is also a factor in the amount of t ime needed for 
thennal energy to work its way through a given mass. For example, 2 I nch of 
rigid insulation and 8 Inch of concrete block separately the insulat ion has a 
conduct ivity (U  value of 0 . 1 8) and a t ime lag of (0 . 7 5  h ) .  The concrete block has 
a ( U  value of 0 . 5 )  and a t ime lag of (4 h) .  If insulation is placed on the interior of 
the block, the sandwich, i t has a t ime l ag of (8 h ) .  If the insulation i s placed in 
the middle, the t ime lag becomes ( 1 0  h) . If the insulation is placed on the 
exterior, the t ime lag becomes ( 1 3  h) .  
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The placement of insu lat ion has such an effect because of the mo ement of 
heat into and out of the wal l construction. In a homogeneous wal l , the heat flows 
in and out are equal, but within a wal l with exterior insu lation, the heat flow 
becomes more selective .  The insu lat ion restricts the flow into the massive heat­
absorbing materia ls . Therefore more t ime elapses before the storage capacity of 
the massive material is fi l led, thus increasing the t ime lag. The increase of t ime 
lag resul t ing from changing the insulation placement in the previous examples is 
5 houTs, whi le at the same t ime the U value of the wal l remains unchanged . 84 
Shad ing: 
The sun spectral composi t ion compnses three ranges of waves and each 
affects bui ld ing and their occupants in different ways. The shortest wave in the 
u ltra-violet region is fi l tered out by ordinary glass. Most shading devices re­
radiate ultra-violet waves, shading devices have to ensure the admittance of 
sufficient i l l umination to bui ldings whi le reducing glare to a tolerable min imum. 
The infra-red range is responsible for the heat impact on bui ldings and from the 
point of view of environmental comfort has the strongest impact .  
Shading devices must be designed to al low as much sunshine to reach the 
bui ld ing as possible during the cold season whi le ensur ing maximum re­
radiat ion and prevention of heat penetrat ion dur ing the hot season . Successful 
deSIgns which meet these apparent ly contradictory criteria rely upon analysis of 
the of the changing azimuth and al t i tude of the sun during the year. Arrange of 
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both vertical and horizontal shading de ices, need to be establ ished for each 
elcvation of the bui lding.  There are no comprehensive solut ions that perfonll in 
al l c l imate . 85 
Thcre are varlOUS approaches to establ ish the best form of shading. 
Computcr techniqucs employing graphic input for the e levat ion of fixed mult i­
fin shading devices and shadow disp lays have been used successful ly .  
Shad i ng Devices : 86 
The ( Figure 60)  shows a number of basic types of devices, classi fied as 
horizontal ,  vert ical ,  and eggcrate types. The dash l ines shown in the section 
diagram in each case indicate the sun angle at the t ime of 1 00% shading. The 
shading mask for each device is also shown.  The extent of 1 000/0 shading being 
indicated by the gray area. 
General rules can be deduced for the types of shading devices to be used 
for d ifferent orientat ions .  Southerly orientations cal l for shading devices with 
segmental mask characteristics, and horizontal devices work in these direct ions 
effic ient ly .  For easterly and westerly orientations vertical devices serve wel l ,  
havmg radial shading masks .  If slanted, they should inc l ine toward the north,  to 
give more protection from the southenl posit ions of t he sun.  The eggcrate type 
of shading device works wel l on wal ls facing southeast, and is part icularly 
effecti ve for southwest orientat ions. Because of this type ' s  h igh shading rat io 
. �  
• ( 1 -6) HORIZONTAL TYPES .  
• ( 7-9) VERTICAL TYPES. 
• ( 1 0- 1 2) EGGCRATE TYPES. 
- rnJJ l I �.;1 . , ' , . � '�" 
FIGURE (60) : S HADING DEV ICES 
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SOURCE: RAMSEY/ SLEEPER. ARCHITECTURAL GRAPHIC STANDARDS. 7THEDN PP. 83 . 
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and low winter heat admission� its best use is in hot c l imate regions. For north 
wal ls,  fixed vertical devices are recommended; however, their use i s  needed 
only for large glass surfaces, or in hot regions .  At low latitudes on both south 
and north  exposures eggcrate devices work efficient ly . 
Whether the shading devices be fixed or movable, the same 
recommendations apply in respect to the different  orientat ions. The movable 
types can be most efficiently uti l ized where the sun ' s  alt i tude and bearing angles 
change rapid ly :  on the east, southeast, and especial ly,  because of the afternoon 
heat, on the southwest and west . 
Colo r  and reflectivity: 
The tenn color is properly used to describe at least three subtly different 
aspects of real i ty .  First, i t  describes a property of an object, as in "green grass" . 
Second, i t  describes a characteristic of l ight rays, as in "grass efficiently reflects 
green l igh t  whi le absorbing l ight of other colors more or less completely". And, 
third it describes a c lass of sensations, as in "the brain ' s  interpretation of the 
specific manner in  which the eye perceives l i ght selectively reflected from grass 
resul ts in  the perception of green". 87 We are interested in the first and second 
meamng, the th ird meaning more valuable in the fol lowing chapters, but 
someti mes III actual practice the dist inction among the three usage ' s  of color is 
not usua l ly  made. 
Dean B. J udd, one of the pioneers of color science, defines color in no more 
than four syl l ables as :  
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"Color is that aspect of the appearance of objects and l ights which depend 
upon the spectral composition of the radiant energy reaching the ret ina of the 
eye and upon its temporal and spatial distribution thereon". 88 
E missivity, Absorptivity a nd reflectivity :  
A l l  objects are emitt ing thermal radiation, the amount of this radiation is 
clear ly dependent on the temperatu re of the object, it i s  a lso dependent on the 
size of the object . F inal ly, it depends on a further factor known as the emissivity 
of the surface, which is defined as: "The rat io of the thermal radiation emi tted 
from unit area of a surface to the radiation from unit area of a ful l emitter (black 
body) at the same temperature". 
The emissivity of an object in a given temperature equal the value ( 1 )  when it 
reach's  the maximum amount of radiation ( for example a perfect b lack body) .  
HO\; ever, in  practice an object emits some fraction of the theoretical maximum, 
and this fraction i s  the emissivity value .  
Emissivity values are essent ia l ly  re lated to the color and nature of surfaces .  A 
typical pol ished metal l ic  surface has a value of about (0 . 1 ) . Thus a pol ished 
kettle would emit about one tenth of the radiation emi tted by a matt black one, 
when both have the same temperature .  So the pol ished kett l e  is more thermal 
efficient than the matt one as less radiant heat is lost from its outer surface . 
An object not only emits radiation but absorbs it . The quantity it absorbs 
compared to the total radiat ion fal l ing on i t  is known as the absorpt ivity of the 
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urface, and agam the value depends on the surface color and nature .  
Ab orpt ivity (a)  is defined as :  
" The ratio of radiant energy absorbed by an object to the total black body 
rad iation fal l ing on it" . 89 
While reflect ivity of an object is defined as the energy that not absorbed, this 
energy is reflected from the surface, the reflectance value (r)  is hence equal to 
( I -a) .  
For uniform temperature conditions absorptivity and emissivity values are 
equal . I f  this was not the case the object or the sur oundings would  i ncrease in 
temperature and the fundamental heat transfer law ( the eventual loss of 
temperature) would be disobeyed . 
However, many surfaces have absorptivity and emissivity values which are 
dependent on the radiation characteristics, i .e on the temperature of the surface 
producing the radiation . For example, the absorptivity value of a white surface 
for incident radiation from objects at (30°C) is about (0 .9), but for radiat ion from 
the sun, i . e .  of surface temperature of about 1 0000°C the value is about (0 .4 ) .  
Surfaces which do not have this temperature dependence are known as  "gray 
bodIes". The absorp l ivity for the solar radiat ion i s  our main concern in this 
context . 
I n  (Table 1 6) emissivity values for solar radiation temperatures are not 
re levant in  the context of the fabric of bui ldings as materials do not reach such 
temperatures. These val ues have important impl ications in bui lding design. For 
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Emissivity ( {; ) or Absorptivity (a )  for 
Surface absorptivity (a)  for solar radiation 
ambient conditions (radiat ion source at 
(-20°C) - 1 04 DC) 
Matt black 0 .95- 1 . 00 0 .85- 1 .00 
Dark brick 0 .85-0 .95 0 .65-0 .80 
White stone 0 .85-0 .90 0 .40-0 .50 
Dul l  metal 0.20-0 .30 0 .40-0 .65 
Pol i shed metal 0.02-0 . 1 5  0 . 1 0-0 .30 
Table ( 1 6) :  Emissivity and absorptivity values for some common surfaces. 
SOURCE. J W WELLER A YOULE. THERMAL ENERGY CONSERVATION BUILDING AND 
SERVICES DESIGN. PP.8 
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Instance, III countries which have intense solar radiat ion conditions (s Imi lar to 
U .A E), pai nt ing the outside of bui ldings white (a = 0 .4  to 0 . 5 )  has an important 
effect in terms of lowering the solar radiat ion absorbed by the bui lding fabric 
during the day and hence reducing the bui lding heat gains. ( Ideal ly the external 
fabric would have a pol ished metal l ic  surface (a = 0 . 1 - 0 . 3 )  but this is often an 
impractical bui lding surface fin ish, leading to another problem l ike glare) .  
However, the white surface has a relatively h igh emissivity value, (0 . 85 -0 .9 )  for 
ambient temperature conditions, and hence this can help heat the bui lding at 
. 
h 90 mg t .  
Openings a nd Penetrations:  
All  bui ldings required to possess two fundamental characteristics, they 
should be structural ly  sound and they should exclude moisture . The latter 
characteristic can be sub divided in accordance with the type of moisture to be 
exc luded-airborne ( rain or snow), or ground-borne .  Of these two categories the 
former presents the greater problem . 
Exclusion of moisture is one of the main characteristics which a bui lding she l l  
needs to possess i n  order to achieve a comfortable i nternal environment . 
The penetration of bui lding she l l  by airborne moisture is associated with 
two c l imatic factors-rain and wind .  Without wind the rain would fal l  vert ical ly, 
bare ly wett ing a bui lding' s wal l s .  Without wind there would be l it t le or  no air 
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pressure d ifference between the inside and outside of a bui lding, so moishlfe 
wouldn ' t  be forced inside the bui lding .  
The penetrat ion of a bui lding shel l  by moisture can result from : 
a) The absorbency of the material of which the she l l  i s  made . 
b) A fai l ure of the joints between e lements of the shel l  made of the same 
material ,  or: 
c) A fai l ure of the jo ints between elements of the she l l  made of differing 
materia ls  ( i . e .  wal l ing ,and window frame) .  
Al l  three forms of breakdown are associated with the degree of exposure to 
which the bui ld ing is  subjected- in  other words, the velocity and duration of the 
wind that is  driving the rain  and the direct ion of such wind re lat ive to the 
bui ld ing surface .  Therefore, i t  i s  i mportant to consider the c l imatic factors 
(wind, rai n), and the way rai nwater flows over a bui ldings surfaces. 
Climatic  and meteorological factors : 
Driving-ra in  index:  The l ikel ihood of rai n  penetration, particularly 
through vertical surfaces, i s  based not solely on the quantity of rainfal l  but on a 
combinat ion of th is and wind speed . I n  the absence of wind, rain  would fal l  
vert ica l ly and the s l ightest projection in  the wal l would b e  sufficient to protect 
the entire wal l from wett ing .  
The angle a t  which rain strikes a wal l depends on a combination of wind 
speed and raindrop size . C learly the larger the rai ndrops, the greater their 
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tendency to fa l l  ertica l ly and the greater the wind speed necessary to induce an 
angle of deviation from the vertical . 
As wind speed plays an important ro le in ram penetrat ion also a direct 
relat ionship exists between the amount of rain  which fal l  on a wal l face and the 
degree of exposure of the site . 
The calcu lation of the driving-rain index (and  therefore the exposure 
grading) for a part icular area can made by the fol lowing formula :  
Annual rainfa l l  (mm) X Average wind speed (mls) 91 
1 000 
This index in (m2/S), it does not give an absolute value, although an index 
of ( 1 )  m2/S approximately corresponds to (200) L itres/m2 catch of driving rain  
on a vertical surface . 
Exposure grades :The exposure grading is  divided i nto three grades. 
(Sheltered) with a driving-rain i ndex of equal and less than (3 ) m2/S . ( Moderate) 
from (3 -7 ) m2/S driving-rain i ndex. The driv ing rai n  index (7-20) m2/S is  
considered (severe) .  These grading may need adj ustment to take into account 
local condit ions, such as closeness to the coast, the elevat ion of the site or the 
h igh t  of the b ui lding.  
The fol lowing guidel ines shou ld  be adhered to : 
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a )  heltered grading should not include areas within 8 km of the sea or large 
e tuary .  Such areas should be regarded moderate. 
b) Moderate grading should not include areas having an index of ( 5 )  m2/S or 
more near or within ( 8 )  km range from the sea or large estuaries. Such 
areas should be regarded severe . 
c )  I n  sheltered or moderate areas, high bui ldings standing above their 
surroundings, or bui ld ings of any height on h i l l  tops or slopes should be 
regarded in  an exposure grade more severe than indicated in the driving 
. 
d 92 ram m ex.  
The wind ' roses' for a site i l l ustrate the direction of driving rain for this 
site, and the length  of individual ' petal ' l ines are proportionate to the part icular 
driving-rain direct ions l ikely to be experienced in an average year. 
I n  spite o f  al l average data, i t  i s  possib le for instance driving rain  to occur 
in short , sharp showers from al most any d irection .  
The most exposed parts of the bu i ld ing shel l  to rain  perpetration is near the 
corners, whi le rates over the facade as a whole could  be about half the quant i ty .  
Observation of window fai l ure on long e levations suggest that the parts of the 
facade most severe ly exposed are as shown on ( Figure 6 1 ) . 
The way wind passes over the bu i lding surface needs carefu l consideration.  
The turbulences caused by a bui lding' s shape can lead to abnonnal bui ld-up of 
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F IGURE (6 1 )  : AREAS OF GREATEST INCIDENCE OF WINDOW FAILURE .  
SOURCE. PAUL MARCH. AIR AND RAIN PENETRATION OF BUll..DINGS. PP. 20. 
1 48 
wind speeds, sometimes, up to twice the speed of the undisturbed flow . Such 
POInts of turbulence occur at corners of wal ls ,  edges of roofs, and at cornices, 
wIth consequent local increases of the driving-rain i ndex. The designer needs to 
remove point of weakness in his weather tight she l l  as far as possible .  It would 
be counterproductive,  for instance, to have more joints near the comers of a 
bui ld ing than are necessary .  
I t  i s  advisable to keep al l wal l joints at least 200 mm from comers 
whenever th is is possible .  
Another c l imat ic  factor that can lead to rain  penetration is  that associated 
with retained water in the bu ild ing she l l .  Porous materials-most bu i lding 
materials to  some extent are porous-absorb some of the rain .  The latter is  
removed by natural evaporation ; such evaporation is affected by solar radiation, 
wind, and low atmospheric humidi ty .  Also the nature of the bui ld ing material 
composing the bui ld ing she l l ,  p lays a substantial part in the speed of 
. 93 evaporatIOn .  
Condensation problems:  
Problems i nvolving moist ure may anse from changes in  moisture 
contents, the presence of h igh concentrations of humidi ty, low concentrat ions 
or the effects associated with its changes of state .  
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Some of the effects of moisture on bui lding materials are : 
I - S ignificant changes take place in  the dimensions of many bui lding 
material s  due to moisture contents changes. The most fami l iar case is  
wood but  it i s  less wel l  known that dimensional changes also occur in  
masonry materia ls .  
2- Water is  e ither an essent ia l  or contributory factor i n  chemical changes 
such as the nlsting of steel ,  physical changes such as the cracking of 
masonry, or biological processes such as the rotting  of wood. Surface 
condensation damages decorative finishes and window sashes both wood 
and metal as wel l  as structural  members. 
3- Water is a good conductor of heat . Moisture in a material i ncreases the 
thermal  conductivity by providing a 'short c ircu i t" path for heat flow. 
Specifically, there are three types of condensation problems in bui lding 
construction : vis ible condensation, concealed condensation, Extremely low 
humidity .  
visible condensation occurs when any i nterior surface is  colder than the dew 
point of the nearby air .  Once the air temperature drops below its dew point, 
moisture i s  re leased onto the  surface .  The loss of moisture from the air causes a 
reduction in vapor pressure, which then draws moist ure in  from the surrounding 
air .  This  moisture a lso condenses causing a cont inuous migration of moisture 
toward the cold surface . This pattern wi l l  continue as long as the surface 
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temperature remams below the dew point associated with the remammg 
concentrat ion of water vapor In  the air .  Al lowing condensation to occur 
somet imes results in extremely low humidity condit ion.  
Concea led Condensation : When there is  a h igher concentration of water vapor 
i nside than outside, the vapor pressure is also h igher on the inside .  This 
represent a driving force causing a diffusion of moisture through the envelope. 
The bui ld-up vapor pressure withi n  a bu i lding depends on the amount of vapor 
produced, i ts i ndab i l i ty to escape, and the air temperature . ( Figure 62) .  
Condensation within the envelope construction leads to deterioration of 
materials, paint pee l ing, and i nsulation saturation (saturation with moisture 
destroys the value of the insulation), besides leading to increased energy use 
because of the h igher heat loss i n  colder c l im ates and heat gain  in  warmer 
ones. 94 
Extremely low h u m id ity : The mml lTIUm RH t hat should normal ly be 
m aintained is (20)  percent .  An R H  below th is  can result in human discomfort 
such as rough and dry skin, respiratory problems.  Beyond these effects, 
extremely low R H  causes shrinking of porous materials and delamination of 
furniture, and other wood products. But even at an RH of (20) percent 
condensat ion can be a problem, in part icu lar, in cold c l imates. So fenestration 
m ust be double-glazed in order to avoid condensat ion. 95 
COOL SlDE 
POTENTIAL FOR 
CONDENSA TION 
F IGURE (62 ) :  TEMPERATURE PROFILE THROUG H  AN 
INSULATED WALL .  
SOURCE: VAUGHN BRADSHAW, BUILDING CONTROL SYSTEMS. SEC EDN. PP 87. 
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Primary and Secondary Elements of Penetration : 
Moisture penetrat ion i n  the bui ld ing shel l  could occur through primary 
elements l ike the wal l s  and roofs or through secondary elements l ike the doors 
and windows as fol low : 
Primary elements : wal ls  
Fai l ure i n  the weather-ti ghtness of a wal l can be caused by water 
penetrat ion through the wal l i ng material  itse lf, due ei ther to in i t ial porosity or to 
porosity caused by deterioration through age . It can also be caused by joint 
fai l ure of various types deteriorating mortar joints, fai lure of sealant joints 
between wal l ing  un i ts or fai lure i n  sealant or mortar joints between the wal l i ng  
and secondary elements .  
Primary e lements : roofs 
L eaking roofs (flat or pitched) are usua l ly  the resul t  of deterioration of the 
roof covering (cracking of o ld  bui lt up roofing felt) ,  or the deterioration of 
internal gutters (cracking of old lead l i n ing to parapet gutters, . . .  etc) .  
Secondary elements :  doors and windows 
Fai l ure of doors and windows to excl ude water penetration is usual ly 
associated with badly fit t ing opening sections .  Leakage occurs between the 
opening uni t  and the surrounding frame. A difference between the air pressure 
on the outer face and that on the i nner face of a door or a w indow unit can cause 
rainwater to be retained i n  the gap between the unit  and its frame.  The pumping 
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action of a gust ing wind may then drive this water inwards, in  spite of drainage 
groove Al l  windows and doors leak m certain condit ions but the aim is to 
min imize it less than expected . 
The de ices used to control the air and water leakage is cal led sealant and 
al l  fai l ures of secondary e lement are associated with defective sealant . There are 
four main types of seal : 
A) Compression seals (neoprene, rubber, plastics, foam and PVC) .  
B) Spring strip (copper al loy, zinc, and nylon). 
C) Wiping seal (neoprene, plast ic) .  
D) Brush weather-strip (nylon, s i l icone impregnated wood or 
polypropylene) .  
Compression seals depends on the squeezing of a resi l ient material  by the 
closing of a unit  against its frame.  This provides an air weather t ight seal . Spring 
strips are sim i larly deformed by the c los ing of a h inged uni t .  The wiping seal 
depends on the friction of the seal against the opening section for i t ' s  
effectiveness . The brush weather-strip is  part ia l ly  a compression strip, part ia l ly a 
wipmg seal, depending on the h inged or s l id ing movement of the opening 
. 96 sectIOn . 
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4.4 Contex tua l i m pacts on the local state funded housing: 
S iting: 
Based on the previOUS topographical date it is noticed easi ly that AI Ain 
CI ty topography is  leveled and i ll some areas gent ly rol l ing .  According to the 
i t ing standards, it i s  considered to be the best type for housing needs. 
Al H i l i  d istrict located on a large gravel p lains have few topographical 
problems l ike the sand dune drift towards the housing area and wind blown sand 
from the sand duns on the Northern parameter. (F igure 63) .  
Apart from sand winds the district  l ike the hole c ity suffer from a serious 
problem of dust and smal l amount of sand resulted from the bare ground 
between the houses and from open areas awaiting for development . 
Al  H i l i  district maintained the cool green image of AL Ain city by the 
excessive spread old of date plantations, farms, forest and road landscape . 
(F igure 63) .The widely spread green areas affect the district microc l imate where 
it is considered cooler than the city . 
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PHYSICAL SETTI N G  
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FIGURE (63): THE P HYSICAL SETTING O F  A L  A I N. 
SOURCE. SHANKLAND COx. BINN l E  AND PARTNERS AND M INSTER AGRICULTURE LTD . .  
MASTER PLAN FOR THE REGION OF AL-AlN FINAL REPORT. VOL. I .  PP. l 1 3 .  
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Ori enta tion for the sun and w ind 
AL Ain region is located on lat itude (240 1 3 ' )  and the fol lowing, (F igure 
64) and (Table 1 7 ) demonstrate the thermal impact received in  th is lat i tude from 
different orientation of the bui lding on average clear winter and summer days . 
I n  summer and winter monthes the east and west surfaces receive the 
ame amount of radiat ion but the temperature is h igher in the west side. This 
combination makes it more disadvantageous orientat ion than the east . In 
summer months, the north surface receives twice as much the radiat ion on the 
south surface but the temperature in the north surface is cooler than the south . 
This  makes the north orientation more advantageous than the south .  I n  winter 
months the south surface receives about ( 1 0 . 5 ) t imes the radiation on the north 
surface and h igher temperature , making the south orientation the less preferable 
orientation in w inter months . 
The wind i n  AL  Ain regIOn arnves from the northwest, southeast, 
southwest and south, but the greatest percentage comes from the northwest, 
part icu lar ly during May and June.  During  the year the wind direction can be 
varied, so we could cons ider the north west winds as the cool ing prevai l ing 
winds in the summer. I t  i s  considered the most important k ind because of i ts  
cool ing effect . 
According  to the town planning department of AI Ain, the study area (Al 
H i l i  district ) i s  divided to ( 1 4) sectors (F igure 65 ) .  The ones counting 
governmental housing  are ( 5 )  sectors, these are : 
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+- THE TOTAL ( DIRECT AND DIFFUSE ) RADIATION IMPACT +-
+- EACH ARROW REPRESENTS 250 BTU / SQ. Fr. DAY. 
- 0  � ) TEMPERATURE DEGREE. 
FIGURE (64) : T H E  T H E RM A L  I M PACT ON ( LATITUDE 24 ° ) 
WINTER 734 1 620 734 152 1414 
LATITUDE 
24 0 �------+------r------r------r----�------- -�I 
S U M M ER 1 193 344 1 193 6 1 6  2568 
TAB L E  ( 1 7) : TOTA L D I RECT AND D I FFUSED RA DIATION 
( BTU/SQ. FT . DAY )  ON ( LATITUDE 24 0 ) • 
SOURCE. RAMSEY SLEEPER. ARCHITECTURAL GRAPHIC STANDARD. 7TIi EON . PP 86. 
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UM AL MADER 1 2  
AL MISBAH 1 3  
ATHAR H I L I  1 4. 
M ARKAZ AL KHAIL 
AL NABGHAH 
SHAREAT HILI 
AL RUMAILAH 
AL GRAIFAH 
NDOOD lliAM 
F ALAJ AL MAZMI 
F IGURE ( 6 5 )  :THE M AIN S ECTORS OF AL H I L I D ISTRICT 
SOURCE :  PLANNING DEPARTMENTlN ALAIN MUNICIPALITY. 
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J - AI �l isbah. 
2- Al Na bghah.  
3- Shareat Hi l i . 
4- Al Ruma ilah  . 
5- Fa laj AI Mazmi . 
The orientat ion of houses in  each sector differs than the other sector even , 
with in  the  same sector there is d ifferent orientat ions .  The analysis of  orientation 
of state funded houses in terms of sun and wind in detai ls  for each of the ( 5 )  
sectors indicates the  fol lowing:  
1- Al Misbah sector: 
The sector is divided into two parts; the l argest part is oriented north east 
(almost 1 0° less than north)  southwest (almost 1 0° less than the south) , while  
the smal lest part i s  oriented northeast (almost 1 0° less than east) and southwest 
(almost 1 0° less than west ) .  Both parts almost oriented to (north! south) and 
(east Iwest) .  (F igure 66) .  
The most undesirable orientations for sun in the sector are the southwest 
and northwest . However, the south west is the worst orientat ion in the sector, 
where i t  receives sunl ight from early afternoon to late afternoon when sun rays 
are m uch intense than the morning sun .  But the southwest orientat ion, with 
almost 1 0° l ess than the west orientation- i ndirect west * ,  i s  much worse than the 
southwest orientat ion with al most 1 0° less than the south-indirect south .  
* THE [NDIRECT (NORTH. EAST. SOUTH. WEST) ORIENTATIONS I S  OTHER THAN DUE ORIENTATIONS. 
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F IGURE (66) : THE ORIENTATION FOR S UN AND WIND IN  
A L  MISBAH S ECTO R .  
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The largest part of AI  M isbah sector with an  indirect orientation for the 
north and south IS almost turned (45°)  to the cool ing prevai l ing winds- a corner 
facing the wind, This orientation reduces the cool ing impact of the wind as 
much as 50°'0. This is an undesirable i mpact especia l ly in the hot c l imate . 
The smal ler part of the sector with indirect orientat ion for the east and 
west recei es a very low impact of wind, and therefor causes less cool ing effect 
by the preva i l ing wind . 
2- Al Nabghah sector: 
The whole sector I S  oriented to the south-north with ins ignificant 
deviation to the east-west orientat ion.  The north orientation is preferable  
because of non-direct sun l igh t .  The south orientation i s  not preferable because of 
the h igh radiation val ues dur ing winter months.  
A small number of houses (9) i s  oriented to the west, which is  the worst 
orientat ion for sun in the hot dry c l imates, si nce the radiat ion and temperature 
concides in t ime causing a h igher total peak . 
The north-south orientat ion i s  t urned (45° )  to the prevai l ing wind, which 
reduces its cool ing impact . Also the rest of houses (9) with west orientation 
receive very low wind impact . (F igure 67 ) 
3- Shareat Hi l i  sector : 
The area has few number of houses -on ly 20 houses- ( 1 4 ) of them are 
oriented sim i l ar to Al M i sbah Northeast - almost 1 0° less than the east - and 
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D I ( A) THE HOLE S ECTOR. I ( B )  (9)  HOUSES ONLY. 
I (2) AL NABG�SECT<>R: 
F IGURE (67)  : THE ORIENTATION FOR SUN AND W IND IN  
AL NABGHAH S ECTOR. 
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outhwest - almo t 1 0° less than the west . The other part consist ing of ( 7 )  
houses, i s  oriented to  the northwest and southeast . 
The indirect west orientat ion is the worst, whi le the northeast orientation 
less preferable than the north , and the indirect east and the southwest is not 
preferable .  
The indirect west and east orientat ion receives low wind impact whi le the 
northeast and the southwest orientat ions are perpendicu lar to the prevai l ing 
\i inds and receive the ful l  brunt of the wind force with maximum cool ing 
effect . (Figure 68) .  
4- Al ru mai lah  sector :  
This sector has two parts; the upper part is oriented northwest - southeast 
and the lower part is oriented northeast - southwest . 
In general ,  the northeast orientat ion is  the most preferable and northwest 
orientat ion l ess preferable and the southeast - southwest orientations is not 
preferable .  
The upper part wi th  northwest - southeast orientation receives the  ful l  
bnmt of the preva i l i ng wind force because it is perpendicu lar to each other. This 
is  considered the best wind orientation . The lower part is  oriented to the 
northeast - northwest receives low wind impact compared to the upper part . 
( Figure 69) .  
__ J . \\ , 1  \ �. 
', \'"" ,,' t� · ) . .  . ,. �.j \ \--' .  -_ \- - .J �/, • .:j - . .J ' ! � : . ' : ' . . 
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c=J �I _(A_)_( 1_4_) H_O_U_S_E_S_. ____ � (B)  (6)  HOUSES. 
) (3),:SHAREAT HItI ·SECTOR: 
F IGURE (68) : THE ORIENTATION FOR SUN AND WIND IN 
SHAREA T H I L I  SECTOR. 
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5- Fa laj Al mazmi  sector :  
This  sector i s  oriented to  northwest - southeast, whi le the northwest i s  
more preferable  than the  southeast orientation, both orientations provide a 
moderately intense sun l igh t .  
The whole sector is perpendicu lar to  the  prevai l ing winds, which al lows i t  
to receive the maximum cool ing effect . (Figure 70) .  
In summary, except for indirect north  and northeast orientations, the 
whole district has no direct north orientat ion, which is  the coolest and the most 
preferable in the hot dry c l imates . 
The west orientation, which is  t he worst orientation in hot dry c l imates, is 
appl ied in the district . I n  addit ion, the south orientat ion, which i s  the worst in  
terms of  solar radiation i n  winter months, i s  also present .  
The only proper wind orientat ion is  present i n  shareat H i l i  (6 housese) and 
the upper part of R umai lah and falj AI m azmi ,  where it is perpendicu lar to the 
preva i l ing winds .  The w hole d istrict orientat ion for wind e ither t urned (45°) to 
the prevai l ing  wind (reduces the cool ing effect by 50%) or receives low wind 
i mpact . (Figure 7 1  A ,  7 1  B ,  7 1  C ) . 
I n  genera l ,  the best orientat ion for sun and wind is  not sufficiently present 
III the district, and is considered under host i le  c l imatic condit ion . Such factor 
m ust be given more considerat ion and study to e l iminate or reduce its harmful 
effects .  
D I (A) THE HOLE SECTOR. 
N 
FIGURE (70)  : THE ORIENTATION FOR S UN AND WIND IN 
FALAJ A L  MAZ M I  SECTOR.  
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• THE INDIRECT SOUTH ORIENTATION 
NOT PREFERABLE ESPECIALLY DURING 
WINTER MONTH ES BECAUSE OF THE 
MAXIM UM RADIATION. THE INDIRECT 
NORTH ORIENTATION IS THE BEST 
ORIENTA TION FOR SUN. 
• TH [S ORIENTATION TURN ED (45 °)  TO 
THE PREVAILING WIND  TH IS REDUCES 
THE COOLING E FFECT 50%. 
• THE INDIRECT SOUTH ORIENTATION 
NOT PREFERABLE ESPECIALLY DURING 
W INTER MONTHES BECAUSE OF THE 
MAXIMUM RAD IATION. THE INDIRECT 
NORTH ORIENTATION IS THE BEST 
ORlENTATION FOR SUN. 
• TURNED (-'5 °)  TO THE PREVAILING 
WIND THIS REDUCES TH E COOLING 
EFFECT 50%. 
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• THE INDIRECT WEST ORIENTATION IS 
TH E WORST ORIENTATION FOR SUN. 
THE INDIRECT EAST ORIENTATION [S 
NOT PREFERABLE. 
• THIS ORIENTATION RECEIVES LOW 
WIND I M PACT. 
• THE WEST ORIENTATION IS THE 
WORST ORIENTATION FOR SUN. 
• TH [S ORIENTATION RECEIVES LOW 
WIND  I M PACT. 
F IGURE (7 1 - A) :  THE ORIENTATION FOR S UN AND WIND IN THE 
STUDY AREA (AL H I L I  D ISTRICT) .  
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• THE NORTHWEST ORIENTATION IS 
LESS PREFERABLE WH ILE THE 
SOUTHEAST IS NOT PREFERABLE. 
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• THE INDIRECT WEST ORIENTATION IS 
THE WORST ORIENTATION FOR SUN. 
THE INDIRECT EAST ORIENTATION IS 
NOT PREFE RABLE. 
• THIS ORIENTATION RECEIVES LOW 
WIND IMPACT. 
• THIS ORIENTATION PERPENDICULAR 
TO THE PREVAILING W INDS AN D 
RECEIVES THE FULL BRUNT OF THE 
WIND FORCE WITH MAXIMU M  COOLING 
EFFECT. 
W·+-----f 
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• THE NORTHW EST ORIENTATION IS • THE NORTHEAST ORIENTATION IS 
LESS PREFERABLE W H ILE THE MOST PREFERABLE WHILE THE 
SOUTHEAST IS NOT PREFERABLE. SOUTHWEST IS NOT PREFERABLE. 
• THIS ORIENTATION PERPENDICULAR • TIDS ORIENTATION RECEIVES LOW 
TO THE PREVAILING WINDS AND WIND I M PACT. 
RECEIVES THE FU LL BRUNT OF THE 
WIND FORCE W ITH MAXlM U M  COOLING 
EFFECT. 
F IGURE (7 1 - B )  THE ORIENTATION FOR SUN AND WIND I N  THE . 
STUDY AREA (AL H I L I  DI STRICT).  
-----+ E 
• THE NORTHWEST ORIENTA nON IS LESS PREFERABLE WHILE THE SOUTH EAST IS 
NOT PREFERABLE . 
• THIS ORIENTATION PERPENDICULAR TO THE PREVAILING WINDS AND RECEIVES 
THE FULL BRUNT OF THE WIND FORCE WITH MAXIMUM COOLING E FFECT. 
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F IGURE (7 1 - C) THE ORIENTATION FOR SUN AND WIND IN THE 
STUDY AREA (AL H IL I  D ISTRICT) .  
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T h e  building shape: 
The tate funded housing in  AI Ain ci ty are bui lt according to 
prototypes .AI  Ain city and region have a total of 1 3  prototypes.  Al H i l i  district 
contains five of them . ( FIgure 72) .  
The shape of a l l  prototypes, without counting the additions and 
modi fications, are elongated in a l inear shape . The hot arid  environment requires 
the use of a square shape in order to minimize surface area, or as a compromise 
a square shape with an interior courtyard . Somet imes, a portion of one wal l  
cutout i s  used for trees and a pool ,  and less preferable a n  elongated shapes with 
mml lllum east - west wal l s w-face . The different bui ld ing orientations in Al H i l i  
district do  not necessari l y  a l low this elongation in  a north-south direction, which 
is the most preferred .  
The original elongated prototype shape does not change even when 
occupants perform modifications and addit ion .  The elongated original form 
persists in most cases, while in very few cases, the addit ions and modifications 
result  in a semi-square shape ( Figure 73 ) .  
As  the  bui ld ing regulations in  Al  Ain  city do not permit a vertical 
extension in the state funded houses, a cubical shape ( two bui ld ings )  with smal l 
outsIde surface and l arger vol ume is not avai lable .  This type of structure is quite 
desirable  in hot c l imates. 
As stated earl ier, the most suitable shape is the square, or cube fonn, in 
order to min imize the total surface area exposed to sun l ight and radiation . This 
PROTOTYPE { A } 
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FIGURE (72) : AL HILI  DISTRICT PROTOTYPES 
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ma. contradict wIth the fact that venti lation effects requi res an elongated shape 
( Figure 74 ) .  Howe er, the conditions gi e more emphasis on minimizing the 
rad Iation effects than vent i lation factors . 
The bu i ld ing envelope: 
The fenestration a nd shading :  
The most important factor in the use of fenestrat ion is adequate control of 
sunshine, heat transmission, and vent i lat ion .  General ly, in hot sunny regions, 
unshine or natural l ight admittance has less importance than contro l l ing heat 
transmission into bu i ldings .  
Fenestration is  typical ly  less thermal ly resistant than isolated opaque 
wal l and roofs, and when supplemented by operable insulat ion its thermal 
resistance increases . 
Any fenestrat ion consists of glazing material ,  framing , shading devices. 
The g lazing material used in the fenestration of state funded housing are usual ly 
p la in s ingle glass or s ingle glass with reflect ive coat ing .  The U-value for single 
gla s in  the summer months equals ( 1 . 04 )  which  is the h ighest va lue compared 
to other types of glazing materials that indicate h igh heat transfer. 
Metal framing ( usual ly Al uminum framing) is used.  I n  this kind of 
framing  the R-value for meta ls is negl igible -based on the tables of R-val ues of 
typical bui ld ing materials .  This means that it has negl igib le amount of resistance 
to heat transfer, (Figure 7 5 ) .  
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F I G U RE ( 74 )  : THE EFFECT OF THE B U I LD ING S HAPE AND 
ORIENTATION ON THE AIR FLOW. 
SOURCE. RAMSEY/ SLEE PER. ARCHITECTURAL GRAPH IC STANDARDS. 7THEDN PP. 87 
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THE S I  GLE GLASS GLAZING, METAL FRAMING WITH NO SHADING I S  THE 
COMMON TYPES OF FENESRATI ON AT THE STUDY AREA. 
FIGURE ( 75 ) :  SEVERAL TYPES OF FENSTRA TION AT THE 
STUDY AREA. 
1 77 
The hadmg devices used in the study area are divided into internal and 
external shading devices . The internal shading devices consist of curtain and 
draperies .  This type of shad ing mainly controls the glare and l imits the excessive 
brightness with min imum thennal resistance since this type of shading accepts 
the transmitted heat through the glazing material and reradiate it to the internal 
space . 
The external shading devices play a dual role  of contro l l ing sun l ight 
admittance and reducing glare effect, besides intercept ing the heat radiation . 
Horizontal overhangs device used in  the study area are not the ideal device for 
s imi l ar c l imatic conditions. (Table 1 8  A, 1 8  B)  ( Figu re 76, 77 ,  78) .  
I n  concl usion non of  the study area fenestrat ion components - glazing 
materials ,  framing, shading devices - fu lfi l l  the requirements that suite the hot 
arid cl imate .  
The natural venti lat ion in  the study area based on the prototype shapes 
- the original shape of the hOLlse - and location of the fenestrat ion is fulfi l l ed to 
some extent, ( F igure 79) .  However, the unsuitable bui ld ing orientations for wind 
in  most of the study area min im ize the natural venti lation effect . Al so, in the 
same houses, after addit ions and modifications made by the occupants, the 
vent i lation and admittance of sun l ight in some cases are not considered the main 
factors . The need for extra space and more rooms places these factors in lesser 
degree at the occupants priority l ist . ( F igure 80 ) .  
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THE S HADI NG DEVICE 
TYPE 
Length of 
overhang-
OVER HANG calculated to 
eliminate 
Summer SUIl. 
Leng1l1 of louver 
calc.'ulated to elJ mlnate 
SUl11mL'T sun Length of VERTI CAL louver for sf..., glare 
SCREEN WTTH dependent on a mount 
OVER HANG of control des ired on exterior con drtlons and 
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level 
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glass panel cakulated 
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l)f control deSIred on 
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level. 
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to view 
TABLE ( 1 8-A) : COrv1P ARI SON B ETWEEN D IFFERENT S HADING DEVICES 
SOURCE: RAMSEY/ SLEEPER. ARCHlTECTURAL GRAPHlC STANDARDS. 7THEDN PP. 78. 79. 
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HORlZONT AL SHADING DEVICES ON THE ENTRANCES OF THE 
M Al L I S .  MODIF IED BY THE USERS.  
FIGURE ( 76)  : EXTERNAL SHADING DEVICES. 
1 80 
FIGURE (77 ) :  USE  OF SHADING OVER THE 
ENTERANC E.  
1 8 1  
FIGURE ( 78 ) :  AN OCCUPANT ADDAPTATION FOR SALAR 
RADIOTION AND GLARE PROBLEMS .  
1 82 
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FIGURE (80 ) :  NO ADM ITTANCE OF LIGHT IN THE 
ROOM. 
1 84 
l 8 �  
I n  u lation and thermal  mas : 
U sing the " heat transfer " theory as a tool ,  an analysis of the heat flow 
characteri t ic has been conducted on a standard bui ld ing envelope of the state 
funded hous ing .  The re uIts demonstrate the lack of proper thermal insulation . 
The heat transfer res istance for the bui ld ing en elope is  very low and the heat 
tran fer is very high this al lows undesired external hot c l imate to affect the 
interior conditions and thermal comfort . This requires unnecessary expendi tures 
of energy and cost for mechanical cool ing.  
The wal l s :  
( Figure 8 1 )  i l lustrate calculations of U-value and R-value for wal l sections. The 
types (A, B, C) wal l sect ions represent the exist ing wal ls in the case study, whi le 
the other two sections (D, E) represent isolated wal ls for the purpose of 
comparison . C learly one could note that the R-val ue for section (A) is  very low 
(2 .00) and the V-va lue is  rather h igh ( 0 . 5  ) in comparison with other sections.  
ThIS concl udes that the total resistance to heat transfer in  sect ion (A) is very low 
and the heat transfer quantity is very h igh .  
The roof : 
( Figure 82)  shows three examples of the main exist ing roof sections in the 
case study area, with their calcu lat ions of the U-vales and R-values (A, B, 
C) .The forth example (D)  j ust for comparison . The lowest R-value is ( 1 .97 )  and 
the h ighest U-val ue is (0 . 5 1 ) . Both val ues of roof section (A), which is the roof 
with no insulation and therefore with very h igh heat transfer. 
( A ) 
Ol T �IDE . l 'RF.\CE 
4" ( 1 0  C\[ )  B r uCK (F \CE) 
'I." ( 1 .9 ("\1) PL,\ TER 
p.uYr� 
Ii\SIDF.: SL RF \CE 
'iWI'"",""-+r�ri----I 0 l 'T �ro E 
� l ' RF.\CE 
8" CO'liCRETE 
...... f-::Ir+--i BLOC!\. 
1:'10. IDE S l  RF.\CE 
OUT SIDE SU RFACE 
3,,' ( 1 .9 C;\l) PLASTER 
v." ( 1 .9 CM) 
PLAST E R  
PAI NTS 
�"'f'::-'���-#+� OPT SIDE 
U RFACE 
�H4l 4" AIR SPACE 
2 LAYERS 
y," GYPSU;\1 
BOARD 
......d I N SIDE �I St: RFACE 
OUT SIDE 
SU RFACE 
8" CONCRETE �������� BLOCK 
t'f1--"""'�-l-I 4 " F IBERGLASS 
I NSt: LATlO:'lO 
2 LAYERS 
y," GYPSUM 
BOARD 
� IN roE �I SU RFACE 
CONSTRUCTION ( A) 
OUT S IDE SU RFACE (I Smpb WIND) 
.. INCH ( 1 0  CM) BRICK (FACE) 
� INCH ( 1 .9 CM) PLASTER 
PAINTS 
INSIDE SURFACE ( STILL AIR ) 
TOTAL 
CONSTRUCTION ( B )  
OUT S IDE SU RFACE ( 1 Smpb WIND) 
8 INCH (20 CM) CONCRETE 
BLOCK (RECTANGULAR 2 CORE) 
INSIDE SU RFACE (STILL AIR ) 
TOTAL 
CQNSTRUCTION ( C )  
O U T  SIDE SU RFACE ( 1 5mpb WIND) 
PAINTS 
J/. INCH 0.9 CM) PLASTER 
8 INCH (20 CM) CONCRETE 
BLOCK (RECTANGULAR 2 CORE) 
� INCH 0.9 CM) PLASTER 
PAINTS 
INSIDE SURFACE ( STILL AIR )  
TOTAL 
CONSTRUCTION ( D  ) 
OUT SIDE SURFACE 05mpb WIND) 
8 INCH (20 CM) CONCRETE 
BLOCK �CTANGULAR 2 CORE) 
4 INCH AIR SPACE ( WINTER 
COND ITIONS, BOTH SU RFACES 
NON REFLECTNE ) 
TOW LAYERS Yz INCH GYPSU M 
BOARD (2 X 0.45) 
INSIDE SURFACE ( STILL AIR ) 
TOTAL 
CONSTRUCTION ( E ) 
OUT SIDE SU RFACE ( l 5mpb WIND) 
8 INCH (20 CM)  CONCRETE 
BLOCK ( RECTANGULAR 2 CORE) 
.. INCH FIBERGLASS INSULATION 
TOW LAYERS Yz INCH GYPSUM 
BOARD (2 X 0.45) 
INS IDE SURFACE ( STILL AIR ) 
TOTAL 
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R-VALUE U-VALUE 
0. 17  
0 ..... 
0. 15 
0.56 
0.68 
2.00 0.5 
R-VALUE U-VALU E 
0. 17  
2. 18  
0.68 
3.03 0.33 
R-VALUE U-VALUE 
0. 1 7  
0.56 
0. 1 5  
2. 1 8  
0. 1 5  
0.56 
0.68 
4.45 0.22 
R-VALUE U-VALUE 
0. 1 7  
2 . 1 8  
1 .0 1  
0.90 
0.68 
4.94 0.20 
R-VALUE U-VALUE 
0. 1 7  
2. 1 8  
1 1 .0 
0.90 
0.68 
14.93 0.07 
F IGURE (8 1 ) : CALC U LATION OF U-VALUE FOR WALL SECTIONS.  
SOURCE .  VAUGHN B RADSHAW. BUILDING CONTROL SYSTEMS. SEC EDN. P P  55. 547. 552, 
( A )  Ol T�IDE � l 'RF,\C E 
� J� I I  
CO:'llCRETE 
�L,\.B 
( B�Ol lT!)IDE W RFACE 
3/8 11 e l l  L\ R :'li D  
GRA " E L B ( L T  U P  
ROOF(:-IG 
� ( ,\ CH 
� Ij 0 
' C  Ij 
�� CONCRETE � 0 SLAB 
. ,  � . � 'E IPAINT �I 'S l DE SIJRFACE 
( C )  
( D ) 
O t 'T S I D E  SU RFACE 
BLA."<KET 
I LATlO:-l 
� I:-ICH 
CO:'llCRETE 
SLAB 
I N ULATlO:'li �b1irm.mifi'i� � INCH 
CONCRETE 
SLAB 
CONSTRUCTION ( A ) R-VALUE 
OUT SIDE SURFACE ( 1 5mpbW I N D) 0. 1 7  
... INCH ( 10 CM) CONCRETE SLAP 0.32 
J'" X 0.08) 
PAINTS 0.56 
INSIDE SURFACE ( STILL AIR ) 0.92 
TOTAL 1 .97 
CONSTRUCTION (B ) R-VALUE 
OUT S IDE SU RFACE (1 5mphWIN D) 0. 1 7  
3/8 INCH TAR AND G RAVEL 0.33 
BUILT-UP ROOFING 
... INCH ( 10 CM) CONCRETE SLAP 0.32 
( ... X 0.08) 
PAINTS 0.56 
INSIDE SURFACE ( STILL AIR ) 0.92 
TOTAL 2.3 
CONSTRUCTION ( C ) R-VALUE 
OUT SIDE SU RFACE (15mpbWIND) 0. 1 7  
�ERGLASS BLANKET 3A5 
INSULATION 
.. INCH ( 1 0  CM) CONCRETE SLAP 0.32 
( ... X 0.08) 
PAINTS 0.56 
INS IDE SURFACE ( STILL AIR) 0.92 
TOTAL 5A2 
CONSTRU CTION ( D) R-VALUE 
OUT SIDE SU RFACE ( 1 5mpbWIND) 0. 1 7  
3/8 INCH TAR A N D  GRAVEL 0.33 
BUILT-UP ROOFING 
V, INCH STYROFOAM 3.38 
INSULATION 
... INCH ( 10 CM) CONCRETE SLAP 0.32 
( ... X 0.08) 
PAINTS 0.56 
INSIDE SURFACE ( STILL AIR ) 0.92 
TOTAL 5.68 
F IGURE (82) : CALCULATION OF U-VALUE FOR ROOF 
U-VALUE 
0.5 1  
U-VALUE 
OA3 
U-VALUE 
0. 1 8  
U-VALUE 
0. 1 76 
SOURCE VAUGHN B RADSHAW. BUILDING CONTROL SYSTEMS. SEC EDN. PP 56. 547. 552 
1 8  
1 88 
The floor 
The calculations of the u-val ues for different floor sections at the state 
funded houses (case tudy) i demonstrated in  ( F igure 83 ), v hich shows that the 
heat transfer rate is in  its h ighest values ( 1 . 1 )  i n  section (A). This is  the floor 
section with no kind of finishes just the concrete slab . 
The openings : 
The U-value for various windows, skyl ights and doors is  shown in  (Table 
1 920) .  The single-glass windows are mainly the common type used in the case 
study houses . The table indicates that th is  type has the h ighest U-value with 
maximum heat transfer. 
The calculations of u-val ues indicate that the use of plaster in the wal ls 
enhances their thermal resistance . The use of carpeting  with terrazzo and 
ceramic finishing on the floor enhances the fl oor res istance. The roof has two 
kinds of insulat ion ( fiberglass blanket, tar) both are used for water proofing and 
not for thermal i nsulation . However, they increase roof heat resistance. 
In general, there is  no kind of thennal insu lation is noticed on the studied 
houses, especia l ly, on the wal ls, where there insulation is a very important factor 
in the total resistance and the amount of t ime needed for thennal energy to work 
its way through a mass. For example an interior insulation on a concrete block 
has a t ime lag of (4 hours) and a middle insulat ion (sandwich) has a t ime lag of 
( 8  hours) and exterior insulation has ( 1 3  hours )  t ime lag, the last type, if heat is 
� [ " '1 I DE 
'1 l 'RF \CE jj mCI I 
C O�( ,RETE 
( A ) III , SL '\B 7//;<;\.\\;\:;;;; E.\.RTl I 
J :'- '1Il)E 'It RF.\( �. 
I I ERR.\zZO CER';\l lC 
t l � l I �CII  ( O:>lCRETE S.\ )I 0  ( 8 )  _L � H ' C I I  
�;;-: �\��H I . 
co 'CRETE 
I '\ SlnF 'iT 'R F '\CF: 
2 I NCH 
CO;\CRETE 
LAB 
! c.\RB1 T  0:-1 .\ FOA .. ' .  RllBBER PAD 1 T E RR\zZOIC ERA,'1IC 
1 1  CH 
CONCRETE 
( D ) ;' U :-; O  
r---------ir1 2 I :"< C I I  
CONCRETE 
I ;\ S I D E  S l ' RFACE 
SLAB 
EARTH 
t C\RBJT 0;-'; A F I BROI ; S  PAD 
I;\SlDt :-'l ' RFACE 
2 1 ;'\Cl l  
CO:\CRETE 
SLAB 
EARTH 
J C 'RBIT 0:-1 A FI BROI;S PAD t T ERRAZZOIC ER\MIC 1 1 :"<CH 
CONCRETE 
( F )  SA."i O  
2 I:'ICH 
CONCRETE 
SLAB 
EARTH 
CONSTRUCTION (A) R-VALUE U-VALU E 
EARTH O. U 
2 INCH (5 CM) CONCRETE SLAP 0. 16  
(2 X 0.08) 
INSIDE SURFACE (STILL AIR ) 0.6 1  
TOTAL 0,9 1  1 . 1  
CONSTRUCTION ( B  ) R-VALUE U-VALUE 
EARTH 0. 14  
2 INCH (5  CM) CONCRETE SLAP 0. 16  
(2 X 0.08) 
SAN D 0.44 
1 INCH CONCRETE 0.08 
TERRAZZO/CERAMIC 0.08 
INSIDE SURFACE ( STILL AIR ) 0.61 
TOTAL 1 . 5 1  0.66 
CONSTRUCTION ( C)  R-VALUE U-VALUE 
EARTH O. U 
2 INCH (5 CM) CONCRETE SLAP 0. 1 6  
(2 X 0.08) 
CARBIT ON A FOAM RUBBER PAD 1 .23 
INSIDE SURFACE ( STILL AIR) 0.6 1 
TOTAL 2. 1 4  0.47 
CONSTRUCTION ( D )  R-VALUE U-VALUE 
EARTH 0. 14  
2 INCH (5 CM) CONCRETE SLAP 0. 1 6  
( 2  X 0.08) 
SAND 0.44 
1 INCH CONCRETE 0.08 
TERRAZZO/CERAMIC 0.08 
CARBIT ON A FOAM RUBBER PAD 1 .23 
INSIDE SURFACE (STILL AIR ) 0.6 1 
TOTAL 2.74 0.36 
CONSTRUCTION ( E ) R-VALUE U-VALUE 
EARTH 0. 14  
2 INCH (5  CM) CONCRETE SLAP 0. 1 6  
(2 X 0.08) 
CARBIT ON A FIBROUS PAD 2.08 
INSIDE SU RFACE ( STILL AIR} 0.6 1 
TOTAL 2.99 0.33 
CONSTRUCTION (F) R-VALUE U-VALUE 
EARTH 0. 1 4  
2 INCH ( 5  CM)  CONCRETE SLAP 0. 1 6  
(2 X 0.08) 
SAND 0.44 
1 INCH CONCRETE 0.08 
TERRAZZO/CERAMIC 0.08 
CARBIT ON A FIBROUS PAD 2.08 
INSIDE SU RFACE ( STlLL AIR ) 0.6 1 
TOTAL 3.59 0.28 
F IGURE (83  ) : CALCULATION OF U- VAL U E  FOR FLOOR SECTIONS .  
SOURCE VAUGHN B RADSHAW. BUI LDING CONTROL SYSTEMS. SEC EON. PP 56. 547. 552 . 
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EXTERJOR VERTICAL PANELS 
SUMMER WINTER 
7 5  MPI I OUTDOOR AIR VFIOUTY, 1 5  MPl I OUTDOOR AIR VILOelTY, DESCRIPTION 89 0 I· OUTDOOR AIR 75 0 r· INSIDe AIR, o 0 F OUTDOOR AIR • 70 <> i' INSIDT AIR 
SOLAR RADIATION 248 3 BTU/(I IR FT2) 
NO IN DOOR INDOOR NO IN DOOR IN DOOR 
SHADE SHADE SHADE SHADE 
FLAT GLASS - . . 
SINGLE GLASS 1. 04 0. 8 1  1 .  1 0  0. 83 
INSULATING GLASS, DOUBLE 
3/16  IN AIR SPACE, 0. 1 25 IN GLASS 0. 65 0. 58 0. 62 0. 52 
1 14 IN AIR SPACE, 0. 1 25 IN GLASS 0. 6 1  0. 55 0. 58 0. 48 
1 12 IN AIR SPACE, 0.25 IN GLASS 0. 56 0. 52 O. 49 0. 42 
112 IN AIR SPACE, LOW EM ITTANCE 
COATING 
c = 0. 20 0. 38 0. 37 O. 32 0. 30 
e = 0.40 0. 45 0. 44 O. 38 0. 35 
e = 0.60 0. 5 1  0. 48 0. 43 0. 38 
INSULA TING GLASS, TRIPLE 
1 14 IN AIR SPACE, 0. 125IN GLASS O. 44 0. 40 0. 39 0. 3 1  
112 IN AIR SPACE, WINDOW DESIGN: O.  39 0. 36 0. 3 1  O .  26 (0.25IN , 0. 1 25 IN , 0.251N)  GLASS 
STOIlM WINDOWS -
1 IN  TO 4 IN A IR  SPACES, 0. 1 25 IN GLASS 0. 50 0. 48 O. 50 0. 42 
PUSTIC BUBBLES (BASED ON AREA OF 
OPENING Nor TOTAL SURFACE �A) 
SINGLE WALLED 
DOUBLE WALLED 
TABLE ( 1 9) :  OVERALL COEFFICI ENTS OF HEAT TRANSMISSION (U FACTOR) 
OF WINDOWS AND S K Y L IG HTS, BTU/( H R . FT2 . F) .  
SOURCE '  VAUGHN BRADSHA W .  BOlLDING CONTROL SYSTEMS. SEC EON. PP 553 
EXTE RJOR HORIZONTAL 
PANELS {SKY LlGHT� 
I 
SUMMER WINTER 
For heat flo\\ For heat 110\\ 
dO\" n up 
O. 83 1 . 23 
0. 57 O. 70 -O. 54 O. 65 -
0. 49 (1. 59 -
-
0. 36 0. 48 
0. 42 0. 52 -
0. 46 0. 56 -
0. 80 1. 15 -
0. 46 O. 70 
\.Q o 
DESC R I PTION S INGLE DOU B LE OR STORM G LASS TRIPLE G LASS W I N DOWS 
WINDOWS 
A L L  G LASS ( WITH NEGLIGIBLE OPAQUE AREAS) 1 .  00 1 .  00 1 .  00 
WOOD SASH;  80% G LASS O. 90 0. 95 0. 90 
WOOD SAS H ;  60% G LASS 0. 80 0. 85 O. 80 
M ETAL SAS H ;  80% G LASS 1 .  00 1 .  20 m 1 .  20 m 
SLIDING PATIO-DOORS 
.. -l -100. - .: 
WOOD FRA M E  0. 95 1 .  00 -
M ETA L F RA M E  1 .  00 1 .  1 0  m -
m VALUES W I LL B E  LESS THAN TH ESE W H EN M ETA L SAS H  A N D  FRA M E  INCORPORATE THERMAL 
B REA KS. I N  SOM E  T H E RM A L  B REAK DESIGNS, U VA LUES W I LL BE EQUAL TO OR LESS THAN 
THOSE FOR TH E G LA SS. 
TABLE (20 ) :  ADJUSTM ENT FACTORS FOR VARIOUS WINDOW AND SLIDING 
PATIO DOOR TYPES (MULTIPLY U VALUES IN PART A BY THESE 
FACTORS).  
SOURCE .  VAUGHN B RADSHAW. BUlLDING CONTROL SYSTEMS, SEC EON. PP 553 .  
...... 
\0 
...... 
1 92 
absorbed on the early morn ing hours it is radiated to the inside dur ing the early 
e enmg hours  when heat is preferred on a moderate ly cool n ights hours . 
Color :  
Color might be mistaken for l uxury, but i t  i s  widely known that the use of 
whIte color in  hot c l imates is  recommended. White color has a h igh emissivity 
va lues (0 .85-0 .90 ) and low absorptivity (0 .40-0 . 50) .  It has a shortcoming of 
re lat ive ly h igh reflectivity value, which causes glare problems that m ight be 
cons idered hazardous to vis ion .  The glare can be min imized by adding more 
green areas around the house . 
The original color scheme III the whole district ranges between (gray, 
l ight brown)  w ith h igh emissivity and absorptivity values . However, the 
residents have changed those colors to (white, off white, beige, l ight brown)  the 
new colors are suitable choice for the intense solar radiation c l imate (Figure 84) .  
I n  Falaj Al M azmi sector red brick is  used in the house e levation which has l itt le  
h igher emi ssivity value (85 -95 ) than the white colored surfaces, but it has very 
h igh absorpt ivity (0 .65-0 . 80 )  compared with the white .  This leads to a thermal 
inefficiency,( Figure 85 )  
Opening and  penetration : 
The studied houses suffer from a severe moisture problem caused by an 
aIr born moisture (rain )  penetration . Whereas the other types of moi sture 
1 93 
THE ORI GINAL COLOR SCHEME I N  AL I-ll L I  DISTRICT. 
THE MODIF IED COLOR SCHEME IN AL H I LI DI STRICT. 
FIGURE (84) :  THE COLOR SC HEM E FOR THE ELEVATIONS OF 
AL H I L I  DI STRICT. 
FIGURE ( 85 ) :  THE RED B RICK F IN I S H ING IN THE 
EXTERIOR E LEVATION S OF F ALAJ AL 
MAZM I S ECTOR. 
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FIGURE (86) :  THE E FFECT OF THE AIR BOURN 
MOI STURE ( RAIN ) ON THE BUI LDING 
S HELL.  
1 95 
1 96 
problem l Ike ground born moisture and condensed moisture have no obvious 
impacts ( Figure 86) .  
The air born moisture is associated with two c l imatic factors : the rain and 
the wmd. The long term c l imatological summaries of AI Ain ci ty from ( 1 972-
1 993 ) indicate that t he rainfal l mean equals ( 1 00 . 7 )mm and the mean wind 
speed (gust ) equals ( 1 3  mls) .  Then the driving rain index equals :  
The driving rain  index = Annual rainfa l l  (m m) x Average wind speed ( m!s) 
1 000 
= ( 1 00 . 7  )mm x ( 1 3  ) mls 
1 000 
Even if we consider the increased wind  speed ( tu rbu lence) caused by the 
bui ld ing shape, that could equal ( twice the original wind speed) the driving rain  
index wi l l  equal : 
The driving rain  i ndex = ( 1 00 . 7  )mm x ( 1 3  x 2 ) m/s 
1 000 
The driving rain index from ( 1 -3 ) m2/s is considered a sheltered grade of 
exposure .  Then Al Ain city has a sheltered grade of exposure . This el iminates 
the c l imatic factor as the sole cause of the severe penetration problem at the 
area.  
1 9  
Therefore, the bui lding shel l  bear the responsib i l ity for the penetration 
problem. The absorbency of the bui lding she l l  materials ( most bui lding 
matenals  to some extent absorbent) and the fai l ure of the joints have their share 
of the problem . Whi le the main cause of the problem is the deterioration of the 
water proofing materials in  some cases, the inadequate design of the rain water 
dIscharge system of the roofs and the lack of water proofing in other cases .  
( Figure 87) .  
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INADEQUATE RAIN WATER DISCHARGE 
LACK OF WATER PROOFING S YSTEM 
FIGURE (87 ) :  WATER PROOFING SYSTEM.  
1 99 
5.0 IM PACTS OF SOC IA L E N V IRON M ENT ON STATE 
F U N D E D  H O U S IN G: 
5. 1 General im  pacts on  housing:  
The environment consists of interre lated geograph ic, bui lt , social and 
cult ural components .  The architectural or the bui l t  environment is primari ly to 
provide for the basic needs of people those of shel ter and security, than i t  is in 
meeting the needs that are a product of interpersonal and social  relationships. 
But, at least part ia l ly, i t  meets the needs of sel f-esteem, affil iat ion and aesthetics 
through the symbol ic  messages i t  provides about status, identity and values .  Yet 
design is  l imited also in what it can do in meet ing the social needs .  97 
The terms 'human factors", "Human factors engineering" and "human 
engineering" have appeared interchangeably in  the l i terature . The term "human 
engineering" is  not synonymous with human factors, the term "human factors" 
is  more comprehensive, covering a l l  b iomedical and psychosocial consideration 
applying to man in  the system . 98 
In th is  broad foc us,  human engineering (or human factor engineering) is  
only one of several endeavors, the one concerned with the design and layout of 
equipment, fac i l it ies, and environment .  A very simple defin it ion of human 
engineering  IS a "discipl i ne concerned with designing man made object 
(equipment) so that people can use them effect ive ly and safely and creat ing 
environments su itable for h uman l iving and work .". 99 
200 
The humans or the people are those who will interact with the sy terns 
deslgn, the are " user" , "operator" or "person " ,  whom referred to in the pre l O U S  
definit ion.  1 00 
I n  this part of the study we are concerned with impact of those users ( the 
p ychosocial environment) on the bui lding design (the state-funded 
housing) .Criteria are presented based on the human requirements : the 
psychosocial needs visual and audi tory requ irements this design criteria 
general ly appl icab le to any bui lding.  
The Main items of functional and psychosocial considerations in  bui lding 
design are : functional usage, functional layout, flexibi l ity, minimum space 
requirement per person ( territorial i ty, defensible space, personal space ), color. 
1 )  functional  usage : 
One of the princ ipal design considerat ions is providing a fac i l ity that 
inc l udes the rooms necessary to perform essential tasks, but does not include 
unnecessary rooms.  Whi le  th is  requirement may seem obvious, t here is a 
cont inu ing change i n  user' s need 's  that must be reflected i n  the design . The 
middle c lass American homes (single- fami ly)  during the 1 950 and 1 960 as an 
example were constructed with both a l iving room and a fami ly room, or a den 
order. As bui ld ing cost per square foot, the newly bui l t  houses were with a 
single, l arge l iving room this decision was not to deny the importance of a l iving 
room but rather other rooms took priority. Also the fami l ies with chi ldren 
recogn ized the need for a recreation room and therefor they converted two - car 
20 1 
garages into such rooms. The need for conveniently located additional 
bathrooms has taken h igher priority in fami ly homes . 1 0 1  
Funct ional usage requirements could be  assessed by asking dwel lers to 
report the frequency of usage of various rooms and the purpose of such visi ts .  
Another approach i nvolves taking work-sample counts of the number of times 
per month that people enter a part icu lar room . This approach coul d  be appl ied to 
any faci l i ty where rooms were entered on an opt ional bas is .  1 02 
2) functional layout: 
This term refer to the arrangement of rooms by functional criteria .  Fac i l i ty 
layout special ists determine opt imum arrangements based on analysis of 
functional requirement, (where functional related activit ies are located next to 
one another). E fficient layouts may min imize the number of steps taken, and 
therefore min imize the t ime and effort conserved. 
I n  addition to frequency and importance as criter ia  for arrangement, other 
principles of arrangement include functional groupings. For example,  al l 
activit ies related to a part icular process located in one area and in the sequence 
of use (such as, l in ing up the laundry room near the ironing room or in the order 
of workflow) .  1 03 
The choice between functional groupmg and sequence of use depends 
upon whether the activity is sequential in nature . 
202 
An effect ive lay out must also consider environmental criteria as noise , 
vIsual distractions, and in some instances, odors. I n  a survey of room 
arrangements for mul t ifami ly housing units, majority of people did not l ike a 
combmed l iving and din ing room because of the odor. 
3) Flexibi l ity : 
A flexible arrangement is  one that may be easi ly  changed to accommodate 
changing funct ional  needs .  One argument for movable wal l s  or partit ions to ease 
alteration with changing needs, for example,  there is a preference for a partit ion 
between the dining room and l iving room, which could be removed depending 
upon the part icu lar occupants preference . 
Bu i lding may be constructed in  such a way as to al low for p lanned 
expansion at a later date . Another approach to flexibi l ity is  the use of 
prefabricated, modular bui ld ings or rooms where the enti re room may be 
purchased and added to a faci l i ty almost over n ight .  
Periodical ly, users may want to rearrange furn i ture within a room . A room 
that is  constrained by the p lacement of doorways and other permanent features 
so that no alternat ive arrangement of furnishings is feasible or objectionable to 
many occupants. 
Some homes have only one wal l against which a long sofa may be placed . 
A room may also be constrained to a single furn iture arrangement by the 
placement of electrical outlets, TV cable out lets, and telephone connector 
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cables Planning for at least two furniture arrangements should be part of the 
init ia l  room design concept . 
4)  M inim um space requirements per person : 
The space requirements, discussed is not the physical space, it is  the space 
that fu lfi l l  the psychosocial needs of the users. Those needs are divided into:  
Territoria l ity: 
A Characterist ic of many types of communal  animals and insects is a 
tendency to attack i ntruders that may enter their territory . I n  the same sense 
humans has the same tendency . 
Territoria l i ty is defined as " the capacity of the physical environment to 
create zones of territoria l  influence ."  104 A single fami ly  house is a territorial 
claim to land, shrubs, fences, wal l s  and gates serve as a symbol ic indicators of 
this c laim .  For example one may have an  unspoken c laim to  certain chair in the 
l iving room.  
Also territory i s  defined as  "a  delimited space that a person or a group 
uses and defend as an exc lusive preserve . It involves psychological 
ident ification with a p lace, symbol ized by atti tudes of possessiveness and 
arrangement of objects in the area". 1 05 
The basic characteristics of territories :  
1 )  The ownership of or right to a p lace .  
2 )  The personal ization or marking of an area, 
3 )  The right to defend against intrusion and . 
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4 )  The erving of several function ranging from the meeting of basic 
physIOlogical needs to the cognit ive and aesthetic needs. 
Persona liza tion Refers to the marking of places or the accretion of objects 
within them, and thereby the staking of c laim to them . The process may be 
conscious but it is  often unconscious.  The behavior is manifestation of a desire 
for territorial control  and an expression for aesthetic tastes as wel l  as a result of 
an effort to make the environment fit activity patterns .  Above a l l ,  however, 
1 · · k 
. 1 06 persona lzahon mar s terrItory . 
Defensible space: 
I s  defined as "a l iving residential environment, which can be employed by 
its mhabi tants for the enhancement of their l ives whi le  providing security for 
Co · 1 ·  
. 
h b  d fr ·  d "  1 07 laml l es, nelg ors an len s .  
There is a relation between the defensible space and the inhibit ing crime.  
An area may have features, which emphasize territoria l ity and a sense of 
community among the i nh abitants, which impl ies safe, wel l  maintained l iving 
space . Smal l er bu i ldings with more entrances and good visual surve i l lance from 
L- shaped bui ldings provide defensible space. 1 08 
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The defensible space is created by four characteristics of the layout of the 
envIronment either separately or in conj unction with each other, they are : 
1 - A clear h ierarchical definit ion of territories, from public to semipublic, 
semiprivate to private .  
2 - The posit ioning of doors and windows to provide natural surve i l l ance 
opportuni t ies over entrances and open areas . 
3 - The use of bui ld ing forms and materials that are not associated pecul iarly 
with vulnerable popu lations. 
4 - The locat ion of residents development in "functional ly sympathetic" areas 
where residents are not threatened. 1 09 
Personal space: 
Whi l e  territoria l i ty implies a more permanent claim to land, personal 
space is portable, invis ible boundary surrounding a person, within  which an 
in truder is  not welcome. 
I t  i s  d ifficul t  to provide a table of d istances that have unifonn meaning, 
such as distance for ( i nt imacy, confi dential d iscussions, impersonal transaction 
. . .  etc) . The problem i s  that there are cultural d ifference i n  acceptable distances 
and variations in distance with the nature of the social activity.  For example, on 
a crowded bus or at a foot bal l  game the permi ssible d istance may shrink.  
However provid ing for the personal space is  a basic mechanism for the 
. 
f '  1 1 0 attamment 0 pnvacy . 
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Privacy : The concepts of privacy, territorial behavior, and personal space are 
closely l i nked. The personal space and territorial ity are considered to be major 
mechan isms for attain ing privacy . 
Definit ions of privacy have one thing in  common, they stress that it has to 
do with the abi l i ty of individuals or groups to control their visual, auditory 
l ll teract ions with others. Another definit ion i s  "the abi l i ty to control interactions, 
to have opt ions, and to ach ieve desired interactions". Privacy should not be seen 
as the physical withdrawal of a person from other in a quest for seclusion . I I I  
There are several k inds of privacy each of which serves a different 
purpose. According to Jon lang, he ident ifies four types :  (solitude), the state of 
being free from the observation of others� ( intimacy), the state of being with 
another person but free from the outside world; (anonymity), the state of being 
unknown even in  a crowd; and (reserve),the state in  which a person employs 
psychological barriers to control unwanted intnlsion.  1 1 2 
Also Jon lang ident ifies four purposes served by privacy : it provides for 
personal autonomy, it al lows for the release of emotions, it helps self-eval uation, 
and it l im its and protects. I 1 3  Thus privacy is important in terms of the 
re lationship between an individual or a group and the rest of society. 
The type and degree of privacy desired depends on the standing pattern of 
behavior, on the cu ltural context, and on the personal ity and aspirat ions of the 
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ind l  idual . The use of walls, screens, symbol ic  and real demarcators, and 
dI stance are al l mechanisms for attaining privacy wh ich the en ironmental 
designer can control to some extent .  1 1 4 
Too much privacy leads to feel ing of social i solat ion, and too l itt le 
pn vacy leads to subjective fee l ing of crowding.  Crowding is stressfu l  and can 
lead to negat ive behaviors because i t  l imits personal autonomy and expression 
and breaks down desired communication patterns. However, crowding must be 
dist ingu i shed from populat ion density (people  / hectare) as it is associated with a 
fee l ing of lack of control . 1 1 5 
5- Color: 
People are very conscIOUS of color and texture i n  the bui l t  environment 
and they do l ike variations. The colorless environment III general publ ic 
aesthetic usual ly associated with prisons, bunkers . . .  etc . I t  i s  considered, cold, 
l i fe less, and boring.  
Studies indicate that the presence of color on the exteriors raises the 
positive evaluations, whi l e  the absence of color i s  genera l ly  considered negative. 
A study of the department of psychology at the Goteborg university indicates 
that the majority of people are critical of a lack of color and posit ive about 
h . 1 1 1 6 appler co ors . 
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The peop le att itude toward external colors is  demonstrated in Oscar 
Newman, a New York architect experiment in modifying the external color of a 
low-income housing project from a gray cement blocks to colorful exterior on 
the res idents choice of color. The impact of color on the residents is  
demonstrated by extensive improvements to the grounds and to the inside of 
there houses, i t  seems that the renovat ion had inst i l l ed a sense of neighborhood 
pride. 
Newman was criticized by the architectural  profession for his use of 
color. Many felt t hat instead of elevating the taste of h i s  c l ients, he had catered 
to their "low level" of taste. Perhaps color played only a cosmetic role 
(aesthetical ly), but Newman had the courage to satisfy a social  need . It i s  
doubtful that subjecting the residents to another visually boring environment 
would have raised their level of taste. 1 1 7 
I t  i s  no surprise that many monochromatic environm ents expenence 
vandal ism and graffiti . It i s  the residents expression of displeasure . Also some 
studies connect some social i l lnesses with the colorless environment, as many 
teenagers with behavioral problems mentioned that they hated where they l ived 
or grew up. Obviously other factors such as fam i ly i nteraction and economic 
considerations, are i nvolved, yet the environment is a contribut ing factor. 1 1 8 
Another study indicates that people felt especial l y  posit ive about having 
their unit ( house) is  somewhat d ifferent from that of their neighbors . This might 
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be due to a desire for a l i t t le i ndividuality among residents of high density 
h 
. 1 1 9 ousmg. 
Another argument I S  that of c l imate .  It i s  evident that there is a 
re lationship between color and temperature, since l ight and heat are both derived 
from the sun .  Wh ite reflects l ight and therefore heat . Yet, the temperature 
control is not the sole factor in bui ld ing design other social consideration must 
be heed by arch itects. 
These studies and others seem to indicate that people prefer chromat ic  
external environments over austere, colorless surroundings. Of course, what an 
archi tect considers pleasant does not always coinc ide with what the publ ic  l ikes, 
but there m ust be a way to sat isfy both the publ ic  needs and preferences and the 
architects aesthetic aspirations. 
2 1 0  
5.2 Contex tua l i m pacts of socia l environment on the loca l state 
funded housing : 
Based on the criteria of functional and psychosocial considerat ions in 
bui lding des ign and the questionnaire results, the psychosocial environment 
affect the state funded housing in Al Ain and al H i l i  district as fol low : 
1 )  Functional usage: 
According to the q uestionnaire results the average number of occupants 
equal ( 1 0 .4 )  and the average number of fami l i es is ( 1 .  6 1 ) th is  is a relat ively 
h igh average . In  addit ion, the percent of (2 ) fami l ies l iving in  the same house is  
(20 .6°'0) and ( 3 )  fami l ies  are (9 .30/0) which i s  a s ign ificant value .  (Table 2 1 .22)  
( Fi gu re 88,89,90 9 1 ) . 
This  indicates that the average growth percent and the density is  rather 
h igh ,  therefor the demand for extra space is growing .  
To demonstrate the effect of th is demand, the exist ing average of 
bedrooms n umber ( 5 . 5 ), bathrooms (4 . 5 ), The large percent for having (4)  
bedrooms is  ( 1 4 . 4%) and ( 1 8 .3%) for (3 ) bathrooms.  (Table 23 ,24)  ( Fi gure 
92.93 ,94,95 ) .  
Nevertheless, (73 . 5%) o f  the sample made modificat ions i n  the house, 
where ( 5 1 .7%) of those modificat ions are more addit ions to the existing house 
(Table 25 ,26) (F igure 96,97 ,98,99) . 
J 1 -_ J 
N u m ber or Persons Frequency Percentage N u m ber Of Persons FrequenC) Percentage 
I 2 0.8 1 3  1 4  5.4 
2 4 1 .6 1 4  1 0  3.9 
3 5 1 .9 1 5  1 6  6.2 
4 I S  5.8 1 6  7 2.7 
5 1 5  5.8 1 7  3 1 .2 
6 1 9  7.4 1 8  2 0.8 
7 1 6  6.2 20 1 0  3.9 
8 20 7.8 2 1  1 0.4 
9 200 8.2 22 I 0.4 
1 0  32 1 2.5 25 1 0.4 
I I  I I  4.3 30 2 0.8 
1 2  24 9.3 M issing 6 2.3 
Total 257 1 
TAB LE(2 1 ) : TH E N U M B E R  O F  T H E  FAM I LY M E M B E RS LIVING IN THE 
HOUSE. 
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FIGURE(88):  FREQUENCY OF THE N UMBER OF TH E 
FAM I LY MEM BERS LIVING I N  THE HOUSE 
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FIGU RE(89 ): PERCENT O F  T H E  FAM I LY M EM BE RS 
LIVING IN T H E  HOUSE 
Number Of Famil ies Frequency Percent 
1 1 52 59. 1 
2 53 20.6 
3 24 9.3 
4 8 3. 1 
5 4 1 .6 
7 1 0.4 
Missing 1 5  5.9 
Total 257 1 
TAB L E  (22) :THE TOTAL N U M B E R  O F  FAM IL I E S  I N  T H E  HOUSE 
5 7 
4 1 
N UMBER OF FAMILIES 
F IGURE(90): FREQUENCY OF THE TOTAL NUM B E R  OF 
FAM I L I ES I N  THE HOUSE 
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FIGU RE(9 1 ) : PERCENT OF TOTAL N UMBER OF FAMI L IES 
L IVlNG IN  THE HOUSE 
2 1 2  
2 1 3  
N u m ber of Bedrooms Frequencv Percent Number of Bedroom! FreQuencv Percent 
1 3 1 .2 9 9 3.5 
2 1 7  6.6 1 0  8 3. 1 
3 26 1 0. 1  1 1  1 0.4 
4 37 1 4.4 1 2  4 1 .6 
5 36 1 4  1 3  2 0.8 
6 32 1 2.5 1 6  1 0.4 
7 1 4  5.4 M issing 47 1 8.3 
8 20 7.8 Total 257 1 
TABLE ( 23):  TH E TOTAL N U M B E R  OF B E D ROOM S  I N  THE HOUSE. 
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N U MBER OF BEDROOMS 
FIGURE (92) : FREQUEN CY O F  THE TOTAL N U M B E R  OF 
B E D ROOM S  IN T H E  HOUSE 
F I GURE (93 ) : PERCENT OF THE TOTAL NUMBER 
OF BEDROOMS IN THE HOUSE 
Number of Bathroonu F requency Percentage Number of Bath roonu Frequency Percentage 
1 7 2.7 9 5 1 .9 
2 27 1 0.5 1 0  4 1 .6 
3 47 1 8.3 1 2  1 0.4 
4 4 1  1 6  1 3  1 0.4 
5 32 1 2.5 1 6  1 0.4 
6 1 8  7 M issing 49 1 9. 1  
7 1 7  6.6 Total 257 1 
8 7 2.7 
TABLE(24) :THE TOTAL N U M B E R  OF BATHROO M S  IN THE HOUSE 
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N U M BE R  OF BATHROOMS 
FIGU RE (94) :  FREQUENCY OF THE TOTAL N U M B E R  
O F  BAT H ROOMS I N  T H E  HOUSE 
FIGURE (95) :PERCENT OF THE TOTAL NUMBER OF BATHROOMS IN 
THE HOUSE 
2 1 4  
Answer Frequency Percent 
No 6 1  23.7 
Yes 1 89 73.5 
M issing 7 2.8 
Total 257 1 
TA BLE(25) :  D I D  T H E  OCCUPANT MA KE ANY MODI FICATION 
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FIGURE(96) :  FREQ U ENCY OF D I D  TH E OCC U PA N T  
M A K E  ANY M O D I FICATION 
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FIGU R E  (97): PERCENT O F  T H E  ANSW E R  OF W ETH E R  
THE OCCU PANT M A K E  ANY MODI FICATION 
ANSW R 
� 1 5  
Type of Changing Frequency Percent 
Addition 148 5 1 .7 
Modifications 66 23. 1 
Maintenance 44 1 5.4 
Decoration 28 9.8 
Total 286 1 
TA B LE(26) :TH E TY PE OF MODI FICATION 
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FIGU RE(98): FREQUENCY OF T H E  TYPE O F  
MODIFICATION 
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FIGU RE(99): PERCENT OF T H E  TYPE OF 
MODIFICA TION 
2 1 6  
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Out of the ( 1 8  houses) sample, there are ( 1 5  houses) with additional 
rooms. I n  the prototype design of Al H i l i  di strict, the average bedroom number 
is (2 .4 )  and bathrooms are ( 1 .6)  as indicated in  (Table 27)  ( Figure 1 00 . 1 0 l . 1 02) .  
I n  addition, (34 .2%) of sample has changed their houses for different 
reasons, where is the main reason for those changes is the t ightness of house 
space by ( 1 6 . 7°/0) meaning that there are insufficient rooms in the house, (Table 
28,29) (F igure 1 03 , 1 04, 1 05 , 1 06) .  
Further to  the subject, when the  occupants was asked if they prefer to 
move from the house, (68 . 1 0/0) approve whi le  only (30 .4 )  disapprove (Table 30)  
(Figure 1 07 , 1 08) .The main demand in a new home was the need for more rooms 
( 1 5 . 3% ) ,  a garden (1 3 . 5%), then b igger rooms (1 2 . 1 %), (Table 3 1 )  (F igure 
1 09, 1 1 0 ) .Even when they asked to i ndicate any further preference, (67 .3%) of 
them named additional rooms as the main preference, (Table 32)  (Figure 
1 1 1 , 1 1 2 ) .  
Thus, the  state funded houses do not include all the rooms necessary to 
perform their essent ia l  tasks .  This is due to the cont inuing change in the user' s 
needs, where th is change was not reflected inflexible house design . 
I n  order to asses the functional usage requirement i n  the state funded 
houses, the frequency of usage was tested by asking the dwel lers about the place 
that the fami ly  spend its free t ime and daytime .  The free t ime is  spend in the 
saloon (7 8 . 1 %), and the day t ime by (74 . 7  %) which i ndicates that the fami ly 
Prototype Bed rooms Bathroom 
Prototype (A) 3 2 
Prototype (B) 3 3 
Prototype (C) 2 1 
Prototype (D) 2 1 
Prototype (E) ., 2 " 
� --c 1 
Average 2 .4  1 .6 
TABL E  (27 )  : THE NUMBER OF BEDROOMS AND BATHROOMS 
IN AL H I L I  D I STRICT ORIGINAL PROTOTYPES .  
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22 1 
Change House? Frequency Percentage 
No 1 6 1  62.6 
Yes 88 34.2 
M issing 8 3. 1 
Total 257 1 
TABLE (28):  DID T H E  OCCUPANT CHANG E  IDS HOUSE? 
FREQUENCY I 1 6 1  ____ 8_8 ____ ----1 
CHANGE HOUSE? 
FIGU RE( 1 03) :  FREQU E NCY OF D I D  TH E OCC U PANT 
CHANGE IDS H OUSE? 
FIGURE ( 1 04):  PERCENT OF TH E ANSWER OF WETHER 
THE OCCUPANT CHANGE IDS HOUSE. 
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Reason Frequency Percentage 
Dependant of Family 23 7.9 
Another Wife 2 0.7 
Narrowness of the house 49 1 6.7 
Bad Services 6 2. 1 
Bad State of The House 1 8  6. 1 
Far from Work 8 2.7 
Others 27 9.2 
M issing 1 60 54.6 
Total 293 1 
TA B LE ( 29):  T H E  REASON FOR CHANGING T H E  HOUSE? 
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FIGUR E ( 1 05):  FREQUENCY OF T H E  REASON FOR 
C HANGING T H E  HOUSE 
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FIGURE ( 1 06):  PERCENT OF TH E REASON FOR 
CHANGING TH E HOUSE 
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Answer Frequency Percent 
N o  78 30.4 
Yes 1 75 68. 1 
Missing 4 1 .5 
Total 257 1 
TA BLE(30) :TH E PREFERA NCE TO TRANSFER FROM T H E H OUSE 
Yes 
1 75 
FIGU RE( 1 07) :  FREQUENCY OF T H E  PRE FE RANCE TO 
TRA NSFER FROM TH E HOUSE 
I_ No _ Yes I 
FIGU RE( 1 08) :TH E PERCENT OF T H E  PREFERANCE TO 
T RANSFE R  FROM T H E  HOUSE 
ANSWER 
What I Ask for? Frequency Percent 
More Rooms 9 1  1 5.3 
Big Rooms 72 1 2 . 1  
Garden 80 1 3.5 
H ome in Other Place 4 0.7 
Building Quality 66 1 1 .3 
Different Air Conditioning Systen 52 8.7 
Courtyard 74 1 2.3 
All 82 1 3.8 
M issing 73 1 2.3 
Total  594 1 
TAB LE(3 1 ) : T H E  PREFERANCE IN A N EW HOUSE 
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FIGURE( 1 09) :  F REQUE N CY OF TH E PREFERA NCE I N  A 
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FIGURE ( l lO) :TH E PERCENT OF PREFERANCE IN NEW 
HOUSE 
Preferences Frequency Percentage 
Additional Rooms 29 67.3 
Deluxe Finishing 2 4.7 
Swimming Pool 6 14  
Home Near  Work/City 2 4.7 
New H ouse in same Area 4 9.3 
Total 43 1 
TA BLE(32) :TH E A D DITIONAL PRE FERANCE I N  N EW HOUSES 
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FIGU RE( 1 l 1 ) : FREQ U E NCY OF T H E  A DDITIONAL 
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FIGU RE( 1 1 2 ): PERCENT OF TH E A D D ITIONAL 
PREFERANCES I N  THE A N EW HOUSE 
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spend it free t ime and day t ime in the saloon ( fami ly  saloon) this is gi e more 
l lnportancy to the saloon in  the house, (Table 33 ,34) ( Figure 1 1 3 , 1 1 4 , 1  1 5 , 1 1 6) .  
The analysis of  the  original prototypes of  AJ  Hi l i ,  indicates that only (2)  
prototypes, (A) and ( B ), have a saloon.  Whi le  in the ( 1 8) sample houses, the 
saloon is present in al l of them meaning that most of them are an addition by the 
users, (F igure 1 1 7 , 1 1 8 , 1 1 9, 1 20) .  
Further test to the usage of rooms is conducted fITst by asking the 
occupiers about the rooms for visitors from,  relatives (49.7%) chose the fami ly 
saloon, (42 .9%) chose the (Maj I is) ,  (Table 35)  ( Figure 1 2 1 , 1 22) .  When they 
were asked about the room to use in  case of a friend or an acquaintance visit 
(70 . 1 %) chose the (Maj lis )  and (25%) chose the fam i ly saloon, (Table 36)  
( Figure 1 23 , 1 24) .  I n  case of stranger visits (84 .4  0/0) selected (Maj l i s),and only 
(8 . 7%) selected the fami ly room, (Table 3 7 )  (F igure 1 25 , 1 26) .  
Regarding the  men visitors they use  the  ( Maj l is) by (92 .6%) and the 
fami ly saloon by (3 . 1  %), (Table 3 8 )  ( Figure 1 27 , 1 28 ) . ,  whil e  the women visitors 
use the fami ly  saloon (46 .4%), the (Female Maj l is)  ( 39.9%), and (Maj l is) 
( 1 0 . 50/0), (Tab!e 39) (F igure 1 29, 1 30) .  
The above findings indicate that the (Maj l is) is  the main e lement in the 
house for the reception of ( men, friends, acquaintances, and strangers) guest, 
whil e  the fami ly saloon for the (women, relative) guests besides the previously 
mentioned fami ly  activities . 
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Room to use Frequency Percentage 
Bed Room 1 8  6.7 
SaJoon 2 1 0  78. 1 
Maj l is 7 2.6 
Store 0 0 
Kitchen 0 0 
Bathroom 0 0 
Garage 0 0 
Courtyard 29 1 0.8 
Others 5 1 .8 
Total 269 1 
TA BLE(33) :TH E PLACE TH E FAM I LY SPEN D ITS FREE TIM E 
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1 50 -t-----"'� 
1 00 +-----,-----
50 -l-----
o 
,II FREQUE:-iCY .L-_-----'--
Room to use 
FIGU RE( 1 l 3) :  FREQUENCY OF TH E PLACE T H E  FAM I LY 
SPEN D ITS FREE TIM E  
Bed Room . Saloon 0 M ajl is 0 Store . Kitchen . Bathroom . Garage 0 Courtyard . Others 
FIGU RE( 1 l4):  P E RCENT OF T H E  P LACE T H E  FAM I LY 
SPEND ITS FREE TIM E  
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Room to use Frequency Percentage 
Bed Room 35 1 4. 1  
Saloon 1 86 74.7 
Maj l is 1 1  4.4 
Store 0 0 
Kitchen 1 0.4 
Bath Room 0 0 
Garage 0 0 
Courtyard 1 1  4.4 
Others 5 2 
Total 249 1 
TABLE(34) :  T H E  PLACE T H E  FAM l lY SPEND ITS DAY T I M E  
Room to use 
FIGURE( 1 1 5) :  FREQUENCY O F  T H E  P LACE T H E  FAM llY 
SPEND ITS DAY TIME 
�ed Room • Saloon 0 M aj lis 0 Store . Kitchen . Bath Room • Garage 0 Courtyard • Others 
FIGURE( 1 1 6) :  PERCENT OF THE PLACE T H E  FAM I LY 
SPEND ITS DAY T I M E  
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Room to Use Frequency Percent 
M aj l is 1 39 42.9 
Family Saloon 1 6 1  49.7 
Others 1 7  5.2 
M issing 7 2.2 
Total 324 1 
TA BLE(35):  TH E ROOM TO USE IN CASE OF RELATIVE VISIT 
1 80,-----------�--------�------------------�
1 40 -1---":'::"-
80 -+----,--
40 --l----
20 --l----
o --l----
M ajlis Family Saloon Others 
. FREQ UE_N_C_Y� ______ 13_9 ______ L-_____ l_6_1 ____ � _______ 1_7 ____ � 
PLACE TO USE 
FIGURE( 1 2 1 ) : FREQ U ENCY OF T H E  ROOM TO USE IN 
CASE OF R E LATIVE VISIT 
I_ Majlis • Family Saloon 0 Oth.ers 1 
FIG U RE ( 1 22) :  PERCENT OF THE ROOM TO USE I N  
CASE O F  RELATIVES VISIT 
Room to Use Frequency Percent 
Maj l is 1 99 70. 1 
Family Saloon 7 1  25 
Others 8 2.8 
M issing 6 2. 1 
Total 284 1 
TA BLE(36 ) : TH E ROOM TO U S E  IN CASE OF FRI E N DS OR 
ACQUAI NTANCE VISIT 
250 ,-----------------------------------------� 
200 -t---
1 50 -t---
100 +------i 
50 +---
o +---
M ajlis Family Saloon Others 
FREQUENCY 1 99 7 1  8 
ROOM TO USE 
FIGURE( 1 23 ) :  FREQU ENCY OF TH E ROOM TO U S E  IN 
CASE O F  FRI E N DS OR ACQUAINTA NC E  VISIT 
� I is • Family Saloon 0 Others I 
FIGURE(1 2..a): P E RCENT OF ROOM TO USE I N  CASE OF FRIENDS OR 
ACQUA INT ANCE V ISIT 
)3 -- ) 
Room to Use Frequency Percent 
M aj lis 223 84.4 
Family Saloon 24 8.7 
Others 7 2.5 
M issing 1 2  4.4 
Total 276 1 
TA BLE(37) :  T H E  ROOM TO U S E  IN CASE OF STRANGER VISIT 
250.-------------------------------------�------�
200 +----
150 +--� 
1 00  +---
50 +---� 
Majlis Family Saloon 
• FREQlTE�______l _____ 2_2_3 ____ -L-____ 2_4 __ 
Others 
7 
ROOM TO USE 
FIGU RE( 1 25 ) :  F RE Q U ENCY OF TH E ROOM TO USE I N  
CASE OF STRANGER VISIT 
I_ MajUs - Family Saloon 0 Others 1 
F I G U R E( 1 26 ) : P E RCENT OF ROOM TO USE I N  CASE OF 
STRAN G E RS VISIT 
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Room to Use Freq uency Percent 
Majl is  239 92.6 
Family Saloon 8 3. 1 
Others 1 0.4 
M issing 1 0  3.9 
Total 258 1 
TA BLE(38) :TH E ROOM TO USE IN CASE OF M E N  VISIT 
300r---------------------------------------------�
100 -1----
50 +----
O +--­
�EQl'E� !\lajlis 239 Family Saloon ---+--- 8 
Others 
1 
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ROOM T O  U S E  
FIG( 1 27) :  FREQ U ENCY OF TH E ROOM TO USE I N  CASE 
OF M E N  VISIT 
I_ Majlis - Family Saloon 0 Others 1 
FIGURE ( 1 28) :  PERCENT OF TH E ROOM TO USE IN CASE 
OF MEN VISIT 
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Room t o  Use Frequency Percent 
M aj l is 29 1 0.5 
Female M aj lis l l O 39.9 
Family Saloon 1 28 46.4 
M issing 9 3.2 
Total 276 1 
TA BLE(39) :  T H E  ROOM TO USE IN CASE OF WOM E N  VISIT 
140.-------------------------------------------------�
1 20�----------------�----------�-------
80 +-------------�------
60 +---------------------
40 +---------------------
20 -+-----1 
0 -+-----' Majlis 
ROOM TO USE 
FIGU RE( 1 29): F REQU ENCY OF T H E  ROOM TO USE I N  
CASE OF WOME N  VISIT 
,_ Majlis • Female Ma jlis 0 F amiJy Saloon ' 
FIGU RE ( 1 30): PERCENT OF ROOM USE I N  CASE OF WOMEN 
VIS IT 
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The room usage test would not be complete without the total number of 
V Is Itors per day, week, and month, in order to determ ine the sign ificance of 
having a (Maj I i s )  m the house . In (Table 40,4 1 ,42) (F igure 
1 3 1 , 1 32, 1 33 , 1 34 , 1 3 5 , 1 36)  the l ightest percent for no visitors or (0) visitors, 
indicate the insignificance of the (Maj I is) as an element in the state funded 
house des ign . This fact contradicts the previous discussion of what it i s  widely 
known regarding the importance of the (Maj I is) in  the house. 
The only interpretat ion for this phenomena is  that dwel lers desire a 
(Maj I is) in  their homes even i f  they do not use i t  or need i t .  
The courtyard is  used by (92 .6%) of the sample, indicat ing i t s  importance, 
(Table 43 ) (F igure 1 37 , 1 38 ) .  The type of usage differs between plant ing, car 
parking, a playground for chi ldren, however, (4 1 . 30/0) of the sample chose al l 
usages (Table 44 ) (F igure 1 39, 1 40) .  The courtyard and (Maj l i s) are present in  al l 
the prototypes of AI Hi l l  district, (F igure 1 4 1 . 1 42 ) .  
I n  concl usion, the  functional usage factor in  bu i ld ing design i s  not 
implemented in the state funded houses as an obvious mismatch between the 
users needs and the c ur ent houses design . There is a deficiency in the supply of 
some rooms and oversupply in  others (to some extent in  Maj l is rooms), (Figure 
1 43 , 1 44 ) .  
(] 
Number of Visitors I Dav Frequeoq' Percentage 
0 1 1 8 40.7 
1 8 2.8 
2 3 1  1 0.7 
3 1 7  5.9 
.t 16  5.5 
5 8 2.8 
6 2 0.7 
7 2 0.7 
8 1 0.3 
1 0  2 0.7 
20 1 0.3 
Missing 8.t 29 
Total 290 1 
TABLE(40) :TH E N U M BE R  OF VISITORS P E R  DAY 
1 40 
120 
100 
80 
60 
40 
20 
0 
0 1 2 3 4 5 6 7 8 10 20 
1 1 8 8 3 1  17 1 6  8 2 2 1 2 1 
THE NUMBER OF VISITORS 
FIGU RE ( 1 3 1 ) : FREQUENCY OF T H E  N UMB E R  OF 
VISITORS PER DAY 
o . 1  0 2  0 3  . �  . 5  . 6  0 7  . 8  . 10 0 20 1 
FIG U RE ( 1 32 ) :  P E RCENT OF T H E  N U M B E R  OF VISITOR PER 
DAY 
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;\urnber of \ isitorsf\\ uk Frequenc) Percen�e :-iurnber of Yisitorsf\\ uk Frequent') Percentaee 
0 67 23. 1 1 4  1 0.3 
1 1 3  4.5 1 5  2 0.7 
2 1 7  5.9 1 6  1 0.3 
3 2 1  7.2 1 8  1 0.3 
4 25 8.6 20 4 1 .4 
5 1 1  3.8 2 1  1 0.3 
6 8 2.8 28 2 0.7 
7 7 2.4 30 2 0.7 
8 2 0.7 50 1 0.3 
1 0  1 7  5.9 M issing 86 29.7 
1 1  1 0.3 Total 290 1 
TA BLE(4 1 ) : TH E  N U M BE R  OF VISITORS PER W E E K  
FREQ 
80 
70 ' -' 
60 I'i' , 
50 , l 
, 
40 
30 
20 
1 0  
0 I I . _ _  III _ _  I _ a lll _ 
0 1 1 2 3 41 5 6 J 7 8 1 0  1 1  1 4  1 5 16  1 8  20 2 1  28 30 1 50 
U E NCY 67 13 1 7  2 1  2 5  it 1 8 I 7 2 1 7  1 1 2 1 1 " 1 2 2 1 
N U M BER OF VISITORS 
FIGU RE( 1 33) :  FREQ U ENCY OF TH E N U M BE R  O F  
VISITORS P E R  W EE K  
FIG U R E  ( 1 34 ) : T H E  PERECENT OF N U M B E R  O F  
VISITORS PE R W EE K  
24 1 
""umber of Visitorst:\lonth Frequency Percentage l:-lumber of Usitors/Month Frequency Percentage 
0 98 33.8 1 5  2 0.7 
1 1 2  4. 1 1 8  1 0.3 
2 1 0  3.4 20 8 2.8 
3 3 1 25 6 2. 1 
4 5 1 .7 30 1 0.3 
5 1 3  4.5 40 4 1 .4 
6 1 1  3.8 45 2 0.7 
7 7 2.4 50 1 0.3 
8 1 0.3 60 2 0.7 
1 0  8 2.8 1 20 1 0.3 
1 1  1 0.3 M issing 90 3 1  
1 2  2 0.7 Total 290 1 
1 4  1 0.3 
TABLE (42) :  TH E N UM B E R  OF VISITORS P E R  MONTH 
120r-------�------------�--------�------------------�
60��--------------�------------------�------------� 
�O ---------�--�----------�--------------------�
20+a�------------------------------------------------� 
NUMBER OF VISITORS 
FIG URE ( 1 35) :  F REQUENCY OF T H E  N U M B E R  OF 
VISITORS PER MONTH 
11 0  . 1  0 2  0 3  . 4  . 5  . 6  0 7  . S  . 10 0 1 1  0 12 . 14 . 15 . IS 
. 20 1i1 25 0 30 0 40 0 45 0 50  11 60 . 120 
FIGURE ( 1 36 ) : T H E  PERCENT OF T H E  N UM BE R  OF 
VISITORS PE R M ONTH 
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Answer Freq uency 
No 1 7  
Yes 238 
M issing 2 
Total 257 
TA BLE (43 ) :  IS T H E  COUTY A RD USED? 
250 
200 +-----------------------------
1 50 +---------------'-------------
1 00 +----------------------------
50 +------------------------------
o -1--------
o FREQUENCY --'--
,,_c;r I ., • •  • .. " � r 
, , _ ,.,"1�'� .. � .. 
No 
17 
243 
Percent 
6.6 
92.6 
0.8 
1 
Yes 
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ANSW E R  
FIGU RE ( 1 37 ) :  FREQUENCY OF W ET H E R  THE COUTY ARD 
USED? 
FIGU RE( 1 38 ) :TH E PERCENT OF THE A N SW E R  OF W ET H E R  
T H E  COUTY ARD USED? 
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Type of Use Frequency Percent 
Planting 7 1  22 
Parking 1 8  5.6 
ChiJdren to Play 76 23.6 
All above 1 33 4 1 .3 
Others 4 1 .3 
M issing 20 6.2 
Total 322 1 
TA BLE(44) : T H E  COU RTYARD TY PE OF USE 
1 40 r-----------------------�----��--------------� 
80 +---------------��--����� 
60 
�O 
20 
o 
Planting Parking 
Children to 
Play 
All abo\'e Others 
�QU ENCY I 7 1  1 8  76 1 33 4 
FIGURE ( 1 39):  F REQUENCY O F  TH E COU RTY A RD TYP E  @PE OF USE 
USE 
I Planting . Parking 0 Children to Play 0 All above • Others I 
FIGU RE( 1 40) :TH E PERCENT OF TH E COUTY A RD TYPE OF 
USE 
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FIGURE ( 1 4 1 )  : THE FUNCTIONAL USAGE IMPACT ON SAMPLE 
HOUSE NUMBER (9) . 
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F IGURE ( 1 43 ) :  
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FIGURE ( 1 44 )  THE USE O F  THE ENTEANCE AREA FOR I PARKIN G DUE TO THE LAC K OF I FUNCTION AL U SAG E STU DY. 
2 )  Fu nctional  layout:  
The functional layout may be one of the axiomatic facts of architectural 
de ign .  However, in order to ach ieve the main goals of the functional grouping, 
orne background of the psychosocial environment of the users ( l ike their habits, 
social norms, tradit ion, rel igion . . .  etc) is  needed.  
The (Maj I is) , for example, main ly  for men use , i s  preferred by nationals 
it to be surround by al l the necessary uti l i t ies ( l ike the din ing room , kitchen , 
bathroom, wash room) whi l e  remain separated from the fami ly  area for privacy 
reasons . Also, the sequence of use imposes th is arrangement . This fact is not 
fu lfi l l ed i n  al l the prototypes of A l  H i l i  district, I n  order to fulfi l  the users 
demands, the remodeled houses by the municipal i ty have some elements of 
grouping the (Maj Iis ,  d in ing room,  and bathroom), (F igure 1 45 , 1 46) .  
The k itchen is  an  example of  applying the environmental consideration of 
odor i n  housing  desi gn .  The k itchen is  preferred to  be  separated from the house 
and so did the users . ( 50 . 20/0) of the sample have k itchen separate from the house 
or outside t he house while ,  only (29 .2%) have a l inked or in house kitchen 
(Table  4 5 )  (F igure 1 47 , 1 48) .  The users in  the sample houses did the same, 
( Fi gure 1 49, 1 50) .  
The servants room by the  functional l ay out standards should be  located 
near their working p lace(main ly  the k itchen ) . However, the sample results 
indicates that ( 37 .4%) prefer these rooms inside the house and not outside the 
grouping of the majlis. 
kitchen and bath rooms 
250 
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FIGURE ( 145) : THE FUNCTIONAL LAYOUT IN HOUSE 
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Kitchen Location Frequency Percentage 
Inside 75 29.2 
Outside 1 29 50.2 
Both ( in/out)  6 2.3 
Missing 47 1 8.3 
Total 257 1 
TA BLE (45) :  TH E LOCATION OF T H E  KITC H E N  I N  T H E  HOUSE. 
1 �0�----------------------------------------�
120 +----'--------,.---"'c-I 
80 +-------------------
60 -I---� 
�o -1----
20 -1----
o +---
Inside Outside Both (in/out) 
75 1 29 6 
KITCHEN LOCATION 
FIGUR E  ( 1 47) :  FREQUENCY OF T H E  LOCATION OF 
T H E  KITCHEN IN T H E  HOUSE 
I_ I nside • Outside 0 Both (inlout) 1 
FIGURE ( 1 48) :  PERCENT OF THE LOCATION OF THE 
KITCHEN IN THE HOUSE 
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255  
house s imi lar to  the kitchen .  Only (25 . 7  %)  preferred an  inside room for the 
maids and ( 1 6 . 7  %)  preferred either locat ions  ( i nside or outside the house ), 
(Table 46)  ( Figure 1 5 1 , 1 52 ) . This fact due to  security reasons and to  have more 
control over t he maids escape incidents .  
Noise is  another factor of environmental consideration i n  design . ( 75 . 1 %) 
of the sample disapprove of any kind of noise at n ight and (23 . 7%) approve, 
(Table 47 )  ( Figure 1 53 , 1 54) .  Also ( 5 8 . 4%) disapprove of any k ind of noise at 
dayt ime, and (40 . 5% ) approve (Table 48 )  (Fi gure 1 5 5 , 1 56 ) .  The close n umber of 
approval and disapproval of the presence of day t ime noise represents for an 
inadequate noise control of daytime noise, especial ly due to road traffic which is  
the main type of noise according to ( 50 . 7%) of the sample and (3 1 . 8%) consider 
nOlse source due to teenagers, and chi ldren disturbances (Table 49) (F igure 
1 5 7 , 1 58 ) .  
Therefor, one could conclude that the  day t ime  noise and the  noise control 
III general i s  not wel l  studied i n  the urban des ign of residential districts .  There is  
no k ind of noise insulation in  AI-Ain state funded houses original designs and 
the sample houses. 
3)  Flexi bil ity: 
I t  i s  agreed that there is  a changing functional needs due to the growing 
number of occupants .This change requires a flexible design . 
256 
Place to Live Frequency Percent 
Inside 96 37.4 
Outside 66 25.7 
Both ( inside--outside) 43 1 6.7 
M issing 52 20.2 
Total 257 1 
TA B LE (46 ) : T H E  LOCATION OF SERVANTS ROOM IN TH E HOUSE 
1 20 .-----------------------------------------� 
80 +-...,.,........ 
60 +-..--:-:-
40 -1---
20 +---
o -1------' 
Both (inside-Qutside) Inside Outside 
iii FREQU ENC_Y-L-_ 96 66 43 
PLACE TO LIVE 
FIGU RE ( 1 5 1 ) : F REQUEN CY OF TH E LOCATION O F  
S E RVAN TS ROOM I N  TH E HOUSE 
• Inside • Outside 0 Both (inside-outside) 
F I G U R E  ( 1 52) :  PE RCENT OF THE LOCATION OF SERVANTS 
ROOM IN TH E HOUSE 
I s  There Noise? Frequency Percentage 
No 1 93 75. 1 
Yes 6 1  23.7 
M issing 3 1 .2 
Total 257 1 
TA BLE (47):  I S  TH ERE EXTERNAL NOISE DURING T H E  N IG H T? 
250,---------�--------------------------------�
0 -\-------
No Yes 
. FREQUE=N�C�Y� __________ 1_9_3 __________ L-_________ 6_1 ________ � 
IS THERE NOISE? 
F IG U RE ( 1 53) :  F REQUE N CY OF W ETHE R  T HE RE I S  
E XTERNAL N O I S E  DURING T H E  NIGHT. 
I_ N o  _ Yes I 
FIGU RE ( 1 54) :  P E RCENT O F  W ET H E R  T H E RE I S  
EXTERN A L  N O I S E  D U R I N G  TH E N IGHT. 
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Is There Noise? Frequency Percentage 
No 1 50 58.4 
Yes 1 04 40.5 
M issing 3 1 . 1  
Total 257 1 
TA BLE (48) :  IS TH ERE EXTERNAL NOISE DURING T H E  DAY? 
1 6o.-------------------------------------------�
1 40 +-----.-, 
1 20 +------
100 -i--"---:----
80 4--------
60 +------,-
40 +-------
20 +-----1 
o -+-------
No Yes 
FREQUENC_Y� ______ 1_50 _____ � 104 
IS THERE NOISE? 
FIG U RE ( 1 55) : FREQ UENCY OF W ETH E R  T H E RE IS 
EXTERNA L  NOISE DURING T H E  DAY. 
I_ N o  _ Yes I 
FIG U RE ( I S6) :  PERCENT OF W ETH E R  TH ERE IS 
EXTERNAL NOISE D UR I N G  TH E DAY. 
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Type of Noise Frequency Percentage 
CarslBuses 75 50.7 
Boys/Adults 47 3 1 .8 
A nimals 6 4. 1  
Laud Noises 3 2 
Constructions 1 6  1 0.8 
Bad Smiles 1 0.6 
Total 1 48 1 
TA B LE (49) :  TH E TY PE OF NOISE. 
80,-------------------------------------------------� 
70 
60 
50 
40 
30 
20 
1 0  
o 
FE_R_Q_VE_�_O_· __ ______ l_ ______ � ______ � ________ L_ ______ � ______ _ 
TYPE OF NOISE 
FIGURE ( 1 57) :  FERQ U ENCY OF TH E TYPE O F  NOISE. 
• CarsIBuses • Boys/Adults 0 Animals 0 Laud Noises • Constructions . Bad Smiles 
FIGU RE ( 1 58 ) :PERCENT OF T H E  TYPE OF NOISE. 
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An analysis of the prototypes of AI -Hi l i  district indicates infle ibi l i ty i n  
their design ( Figure 1 59) .  However, in  the semi-flexible designs, there was no 
projection for future additions and modifications. These additions and 
modifications are not related to the original house, which resul t  in unl imited 
shapes and des igns  of addit ions and modifications as i l l ustrated in (F igure 1 60) .  
There is  a deference between the  well studied des igned flexibi l i ty and the 
adhoc design of addit ions .  In  the first, the designs counts for al l  factors may 
affect additions ( l i ke admittance of l ight, nahlfal venti lat ion, relationship with 
other rooms "spatial design", adequate area for each type of usage . . .  etc) .  I n  
other words there i s  a complete predict ion at the beginning o f  the design t o  these 
addit ions and modifications. In the other case, the design process is based on 
meet ing post occupancy needs for extra space and a remedy for inadequate 
original desi gns .  
However, the  flexib i l ity  in  furniture arrangement i s  assessed by asking the 
users if there is  enough space to rearrange the furniture in the bedrooms, 
(63 .0%) approve, in saloon there were (72  %) approval ratio and in the Maj les 
( 77 . 80/0) approval . (Tab le 50,5 1 ,5 2 )  (F igure 1 6 1 , 1 62 , 1 63 , 1 64 , 1 65 , 1 66) . ,this 
indicates that there i s  some flexibi l i ty in  the furniture arrangements. 
L 
No space for addition 
in this side 
The natural 
_ l ighting . and ventilation 
L-----------4+needs 
a revolution 
L-.. ________________ --u in case of an 
addition 
� • IA 
semi flexible ---------------+� design 
semi flexible 
design 
�( 't ."= t 
"'R')Tl I ';If \ P. 
semi flexible 
design 
utilities 
26 1 
In case of adding 
a bed room, the 
majlis needs 
to be transfered 
for privacy reasons 
No space for additions 
the utilities to certain limit 
the addition design 
FIGURE(159) : THE FLEXIBILITY IN AL H ILI DISTRICT PROTOTYPES DESIGN 
1 I 0USE 
SAMPLE I DIM ENSIONS N O  AREA 
1 30.65 x24.80 M 
760. 1 2 M2 
1 1  34 .50 x 1 8AO M 
634.80 M2 
1 2  24.40x24.05 M 
586.82 M2 
SHAPE 
BEFORE/AFTER 
MODIFICA TION 
I JOUSE 
SAM PLE I DIMENSIONS NO AREA 
5 30.50x 30.40 M 
927.20 M2 
6 30.50x30.50 M 
930.25 M2 
1 0  30.50x 30. 50 M 
930.25 M2 
SHAPE 
BEFORE/AFTER 
MODlFICA nON 
HOl'SE 
SAM PLE I DIM ENSIONS NO AREA 
7 30 50x30 50 M 
930.25 M2 
8 30 50x30 50 M 
930.25 M2 
SHAPE 
BEFORE/AFTER 
MODIFICATION 
II PROTOTY PE ( A ) II II PROTOTY PE ( B ) 1/ 
FIGURE ( 1 60) :  NORFOLOG ICA L DIAG RA M  E XPLAINING THE DEFERRING SHAPE, SIZE, AND AREA OF THE HOUSES EVEN 
I WITH I N  THE SAME PROTOTYPE DUE TO THE RANDOM ADDITIONS AND THE INFLEXIBIL ITY OF THE DES1GN 
tv 0-10 
Space? Frequency Percentage 
N o  93 36.2 
Yes 1 62 63 
M issing 2 0.8 
Total 257 1 
TA BLE (50):  IS  TH E R E  ENOUGH PLACE TO REARRANGE T H E  F U RN ITU RE 
IN T H E  BEDROOM? 
FIGURE ( 1 6 1 ) : FREQUE NCY OF W ET HE R  T H E RE IS 
ENOUGH PLACE TO REAR RA N G E  THE FURNITURE IN 
THE B ED ROOM ?  
SPACE ?  
F IG U RE ( 1 62) :  P E RCENT O F  W ET H E R  T H E RE I S  ENOU G H  
PLACE T O  REA RRANGE T H E  FURNITURE IN T H E 
B EDROOM? 
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Space? Frequency Percentage 
No 67 26. 1 
Yes 1 85 72 
M issing 5 1 .9 
Total 257 1 
TA BLE ( 5 1 ) :  IS  T H ERE ENOUGH PLACE TO REARRA N G E  T H E  FURNITURE 
IN TH E SALOON? 
200 
1 80 
1 60 
1 40 
1 20 
1 00  
80 
60 
40 
20 
0 
No Yes 
• FREQU ENCY 67 1 85 
FIGU RE ( 163) : FREQUE NCY O F  W ET H E R  TH E RE IS  
ENOUGH PLACE TO REARRANGE THE F U RNITU RE I N  
T H E  SALOON? 
I_ No _ Yes I 
FIGURE ( 164) :  P E RCENT O FW ET H E R  T H E RE I S  ENOUGH 
PLACE TO REARRANGE TH E F U RN ITURE IN T H E  
SALOON? 
SPACE? 
Space? Freq uency Percenta�e 
No 53 20.6 
Yes 200 77.8 
M issing 4 1 .6 
Total 257 1 
TA BLE (52 ) :  IS  TH ERE ENOUGH PLACE TO REARRA N G E  T H E  
FURN ITURE I N  T H E  MAJ LIS? 
265 
250�----------------------------------------------�
200 +--------------------------------
1 50 +-�------------------------'-----
lOO +-�----�----�--------------� 
50 -J...-.----
o -l-----
No Yes 
frequency 53 200 
FIGU RE( 1 65 ) : FREQU ENCY OF W ET H E R  T H E R E  IS  
ENOUGH P LACE TO REARRANGE THE FU RN ITURE I N  
T H E  MAJLIS. 
I_ No _ Yes I 
FIGURE ( 166): P E RCENT OF W ETH E R  TH E RE IS  E NOUG H 
PLACE TO REARRA NG E  T H E  FURN ITURE I N  TH E MAJLI S. 
SPACE? 
4- M ini m u m  space requ irement per person :  
Territorial ity: 
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The territorial behavior is demonstrated in  the state funded houses by 
means of personal ization . Personalizat ion is  unl ikely to happen unless the user 
of the place has a claim to its occupat ion . In personal izing  a place, users are both 
confirm ing their taste and value to themselves through (private means) and 
communicating them to others through public means. The public personal izat ion 
is  our main i nterest . 
I f  the bui ld ing is  not designed to the satisfact ion and acceptance of the 
users, a h igh level of personal ization may be detected . This i s  the case in  the 
state funded houses .  
The degree of sat isfaction i s  tested by asking the users a direct quest ion 
of " are you sat isfied with your house? " (52 .60/0) of them agreed and (45 . 5%) 
disagreed .  The difference is  not very h igh ,  which indicates a ( 50% to 50%) 
satisfaction level ,  (Table 5 3 )  (F igure 1 67 , 1 68) .  
Dissat i sfaction is  demonstrated by means of publ ic personalization, 
part icu larly t he entrance of the house . All (1 8 houses) sample have their 
entrances remodeled. (F igure 1 69, 1 70, 1 7 1 , 1 72) .  
Defensible space: 
There IS  a general s ign ificant stat ist ical evidence support ing the 
observation that some environmental structures express a defensible social 
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Answer Frequency Percent 
No 1 1 7 45.5 
Yes 1 35 52.6 
M issing 5 1 .9 
Total 257 1 
TA BLE (53) : T H E  OCCU PANTS SATISFACATION W ITH T H E  HOUSE 
I �O.-------------------------------------------�
1 35 
1 30 
1 25 
1 20 
1 1 5 
1 10 
1 05 .+-------
No 
FREQUENC_Y
----'--__ 1 17 
FIGUR E  ( 167):  FREQU EN CY OF T H E  OCCU PA N TS 
SATI S FACATION W I T H  T H E  HOUSE 
i_ NO _ Yes I 
Yes 
1 35 
FIGURE ( 1 68 ) :TH E PERCENT O F  T H E  OCCU PANTS 
SATISFACTION WITH T H E  HOUSE 
ANSWER 
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r F IGURE ( 1 69 ) :  D IFFEREN T  S HAPES AND FORM S OF THE 
ENTRANCE IN AL A IN C ITY .  
269 
F IGURE ( 1 70 ) :  THE S HAPES OF THE ENTERANCES IN THE 
REMODELED HOUSES AND THE CASE 
STUDY. 
SOM E KIND OF TERRACE USED FOR SOC IAL 
ACTI VIT IES .  
A S IN K FOR LARGE PAN S 
F IGURE ( 1 7 1 ) : SOM E EXAM PLES OF PERSON AL IZATION . 
270 
THE TE T IS  ACO TINUATION OF T HE NOMADI C L IFE 
CUSTOMS AND A S I MPLE OF G ENERO I STY. 
r F IGURE ( 1 72 )  : SOM E EXAM PLES OF PERSON AL IZATION.  ] 
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fabric than others . Th is  ariab le was analyzed from data acquired by the 
que t lOnnaires distributed to the inhabitants of housing area from records of 
cnme types, and from observat ions of different patterns of housing layout .  
I n order to test th is evidence in Al Ain city and Al H i l i  district, the 
inhabitants were asked about there percept ion of security. (9 1 .4%) fee l  safe and 
secured (Table 54)  (Figure 1 73 , 1 74), and ( 87 . 2%) feel  that their  neighbors are 
friendly, (Table 5 5 )  (F igu re 1 75 , 1 76) .  
Nevertheless (85 .6%) prefer to i nstal l protect ive metal nett ing for the 
external windows (Table 56) (F igure 1 77 , 1 7 8), and (72 .4%) preferred a 
protect ive nett ing for the i nternal w indows (Table 57 )  (F igure 1 79, 1 80) .  Also 
(69.6°/0) preferred an addi t ional safety procedures i n  their houses, (Table 58 )  
(F Igure 1 8 1 , 1 82 ) .  
I n  t he  remodeled houses ( 1 8  houses) sample i n  Al  H i l i  district, the 
mun icipal i ty instal l ed a protect ive nett ing only  for the external windows. Sti l l , 
there was a great demand from the users for plac ing protective nett ing on the 
i nternal windows . 
The crime in  general i n  united Arab Emirates and Abu Dhabi Emirate is  
not h igh .  The total number of persons accused by crimes in Abu Dhabi in  ( 1 996 ) 
is  (3 1 967)  persons (Table 59) . I n  comparison with the total populat ion of Abu 
Dhabi for the year 1 996 (95 8690 people), this represents (0 .03%) of the 
populat ion .  I n  Al  Ain  c ity, the tota l  number of persons accused by trespassing is 
( 25 )  persons represent ing ( 1  %) of the total, whereas the number of persons 
Answer Frequency Percent 
No 19  7.4 
Yes 235 9 1 .4 
M issing 3 1 . 2  
Total 257 1 
TA BLE ( S4 ) : T H E  FEELING OF SA FETY A N D  SECURITY 
250 .-----------------------------------------� 
200 -1----------------------------
1 50 +---�--��----�--------� 
1 00 +---------------------�-----
50 �-------------------------
o -l----
• � ,. • .# \ "" , ' 
'. �' " .  " " �! �,' ;';,( i1 ''''''' :'' ., ,J,S{, 
No 
FREQUENCY---",'-------__ _ 1 9  
Yes 
235 
FIGURE ( 1 73) :  FREQUENCY OF TH E F E ELING OF 
SAFE TY A N D  SECURITY 
Ifl No • Yes I 
F I G U RE ( 1 74) :  T H E  P E RC NT O F  T H E  FEELING O F  
SAFETY A N D  SECU RITY 
ANSW E R  
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Answer Frequency Percent 
No 29 1 1 .3 
Yes 224 87.2 
M issing 4 1 .5 
Total 257 1 
TA BLE ( 55) : IS T H E  N E m BOURS F R I E N D LY? 
250 .---------------------------------------� 
200 +--------�---=-::..-------:..::..-
1 50 +-------;c;----�--------
100 +-----��----------�-
50 +---------------------------
0 -'---
No Yes 
224 29 FREQUENCY ------'---
ANSW E R  
F I G U R E  ( 1 75) :  FREQU E NCY O F  W ETH E R  T H E  
N EI H BO U RS F R I E ND LY? 
I_ No _ yej] 
FIGURE ( 1 76 ) :  P E RCENT O F  TH E ANSW E R  W ETH E R  
T H E  N EI H BOURS FRI E N DLY 
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Answer Frequency Percent 
No 28 10.9 
Yes 220 85.6 
M issing 9 3.5 
TotaJ 257 1 
TA B L E  (56): T H E  P R E FERANCE O F  PROTECTIVE N ETTING FO R THE 
EXTE RNAL W I N DOWS 
250 .---------------------------------------� 
50 +---------------�----------
0 -+-----
No Yes 
FREQUEN_C_Y� _________ 
2_8 ________ � _________ 2_2_0 ___ 
FIGURE ( 1 77):  FREQUENCY OFf H E  PREFERANCE OF 
PROTECTI V E  N ETTING FOR THE EXTERNAL 
W INDOWS 
I_ No • Yes I 
F IG U RE ( 1 78) :  P E RCENT OF T H E  P REFERANCE OF 
PROTECTIVE N ETTI N G  FOR THE EXTERNAL 
W I N DOWS 
ANSWER 
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Answer Frequency Percent 
No 66 25.7 
Yes 1 86 72.4 
Missing 5 1 .9 
Total 257 1 
TA B L E  (57) :  T H E  PRE F E RANCE OF PROTECTIVE N ETTING FOR THE 
I NTERNAL W I N nOWS 
200 
1 80 
160 
1 40 
1 20 
1 00 
80 
60 
40 
20 
0 
No Yes 
FREQUENCY 66 1 86 
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ANSWER 
FIGU RE ( 1 79) :  FREQ U E NCY OF THE P R EFERANCE OF 
PROTECTIV E  N ETTING FOR T H E  I NTERN A L  W I N nOWS 
I_ No _ Yes I 
FIGURE ( 180) :  THE PERCENT OF THE PREFERANCE OF 
PROTECTIVE NETTING FOR TH E INTERNAL WINDOWS 
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Answer Frequency Percent 
No 67 26. 1 
Yes 1 79 69.6 
M issing 9 4.3 
Total 257 1 
TA BLE ( 58) :TH E PREFERANCE OF MORE SA FETY PROC EDURE IN T H E  
HOUSE 
200 
1 80 
160 
140 
1 20 
100 
80 
60 
40 
20 
0 
No Yes 
FREQU ENC� 67 179 
FIGURE ( 1 8 1 ) : FREQUE NCY OF TH E PREF E RANCE OF 
M ORE SAFETY P ROC E D U RE I N  T H E  HOUSE 
I- NO _ Yes I 
FIGU RE ( 182) :  P E RCENT OF TH E PREFERA N C E  OF MORE 
SAFETY P ROCEDU RES IN THE HOUSE 
RegIOn & ationahl) 
Total 
Securit) Breach 0 0 
Assa� It agaInst offcial employee 2 6 5 6 1 1  7 1 0  1 7  
I ntentIOnal homIcIde 0 0 0 3 2 5 3 2 5 
Assault AgaInst Persons 0 0 0 50 1 70 220 50 1 70 220 
Attempted Murder 0 0 0 0 2 2 0 2 2 
Ra\"1shment 0 1 1 0 1 2  1 2  0 1 3  1 3  
Non Inlcnhonal hOmIcide or LnJUI) 0 0 0 2 5 7 2 5 7 
Sodomy 0 0 0 7 0 7 7 0 7 
Theft and Attempted Theft 0 0 0 58 1 19 1 77 58 1 1 9 1 77 
AduIten 0 0 0 t o  3 5  4 5  1 0  35 45 
Rape 0 0 0 1 3 4 1 3 4 
Drugs 0 0 0 1 5  1 0  25 1 5  1 0  25 
0 33  33  50 225 275 50 308 
Waste of Others Proper!) 
U ncovered Cheque 1 257 3835 5092 242 545 787 1 499 5879 
Smndhng & breach of trust 33 1 42 1 75 0 1 1 33 1 43 1 76 
on-Payment of Debits 35 99 1 34 1 4  32 46 49 1 3 1  1 80 
Foregel} 4 54 58 2 1 1  1 3  6 65 7 1  
Falsification 0 0 0 0 0 0 0 0 0 
Sucoide & Attempted Sucoide 0 2 2 0 6 6 0 8 8 
Plagiarism other ldentil) 4 20 24 0 0 0 4 20 24 
Cursing & defamation 5 1 5  20 7 27 34 1 2  42 54 
I l legal ReSIdence 42 4444 4486 0 695 695 42 5 1 39 5 1 8 1  
Tratuc & Munclpalti) Misdemeanors 6279 1 1 508 1 7787 307 876 1 1 83 6586 1 2384 1 8970 
42 1 53 1 95 25 229 254 67 449 
Table ( 59) :  Nwnber of Accused Persons in PenaL Cases Submitted to First 
Instance Fedral Courts bv Tvue of Case. Nationalitv and Region - Emirates 
Source statls!lcal sectIOn in the department of planning. statistical year book 1 996. pp.6 l -62. 
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accused b theft and attempted theft is ( 1 77 )  representing ( 5  %) of the total . 
Both crimes are considered the main type of crime connected with housing and 
resIdential areas. It is considered a very low percent, (F igu re 1 83 , 1 84) .  
When the users were asked, i f  there house been burgled (86 .8  %) 
disapproved and ( 1 3 .2  %) approved, (Table 60) ( Fi gure 1 85 , 1 86) .  Also when 
they were asked if any house in the area has been burgled, ( 54 . 1 0/0) approved 
and (44 %) disapproved (Table 6 1 )  (F igure 1 87, 1 88) .  
An analysis of  the  layout in  Al  H i l i  district indicates that, the U-shape 
layout i s  the dominant shape especia l ly in Al Misbah and Al R umai lah sectors, it 
have a direct impact on the users sense of social part ic ipation and feel ing of 
secur ity .  It provides a h igh sense of surve i l l ance from the houses entrances and 
openings, (F igure 1 89, 1 90, 1 9 1 ) . 
I n  concl usion, there is  a h igh sense of safety and security in  the city i n  
general however. This fee l ing does not contradict w ith the users preference of 
having additional security procedures j ust as a protective measure . Thus, the 
defensible space is  relat ive ly achieved. 
The personal  space a nd privacy: 
The privacy is  a very important factor in  housing in  the Arabian countries 
and especia l ly  in  the Emirates society due to the social  and rel igious values and 
general ly the specia l  cu ltural context . 
1 200 
1 000 
800 
600 
400 
220 
200 1 77 
45 
0 1 1  5 2 12 7 7 • o 
-
275 
4 25 
• 
1 8  2 5  41 
_ . . 
787 
1 
695 
46 34 
• 
1 3 0 6 o • 
1 %  
Sl'curlty Breach • Assaytt against offcial emptoyee 
o Assault Against Persons • Attempted Murder 
• !'ion lntentional homicide or injury 0 Sodomy 
• Adultery 0 Rape 
• lntoxication & Possession of Wine • Infrigement to Common Morality 
• \\ aste of Others Property C Uncovered Cheque 
o :"on-Payment of Debits 0 Foregery 
C Sucoide & Attem pted Sucoide C Plagiarism other Identity 
o lntentional homicide 
• Ravishment 
o Theft and Attempted fheft 
C Drugs 
C House Breaking 
o Swindling & breach of trust 
o Falsification 
o Cursing & defamation 
• lllegal Residence D T raffic & Muncipaltiy Misdemeanors D Other Crimes 
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----------------� 
Figure ( 1 84) The Percent Of Number of Accused Persons in PenaL Cases Submitted to 
First Instance Fedral Courts by Type of Case, Nationality and Region - AI Ain city- 1 996. 
Source : statistical section i n  the department of planning. statistical year book 1 996. pp.6 1 -62. 
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Answer Frequency Percent 
No 223 86.8 
Yes 34 1 3.2 
Total 257 1 
TA BLE (60) :  HAS YOU R  HOUSE B E E N  B U RG LA RIZED? 
250�-------------------------------------------,
200 +-------' 
1 50 +--��"-
50 +-----
o -l-------' 
No Yes 
FREQ U E N C�Y------L.-_____ 22_3 __ ___ -----'-_____ _ 3_4 ____ � 
FIGURE ( 185 ) :  FREQ U EN CY OF W ETH E R  T H E  H OU S E  
B E E N  B U RG LA RIZED 
FIGURE ( 1 86) :  P E RCENT OF W E T H E R  T H E  HOUSE BEEN 
B U RG LA RIZED. 
ANSWER 
28 1 
Answer Frequency Percent 
No 1 39 54. 1 
Yes 1 1 3 44 
M issin2 5 1 .9 
Total 257 1 
TA BLE (61 ):  H AS ANY N E I G H BORING H OUSE B E E N  B U RGLARIZED? 
160 .-----------------------------------------�
1 40 +-------
100 -l---""':!-:--
80 +----=----
60 +-----'�-
�o +-------
20 +----� 
o 1-----
No Yes 
FREQU E NCY_'--__ 
139 1 13 
FIG U RE ( 1 87) :  FREQU EN CY OF W H ETH E R  A 
N EI G H BORING HOUSE B E E N  B U RG LA RIZE D IN T H E  
REGION. 
I_ No _ Yes I 
FIGURE ( 188):  P E RCENT OF W H ET H E R  A N EI G H BORING 
HOUSE BEEN B U RG LA RIZED I N  T H E  REGION. 
A NSWE R  
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( 1) AL MISBAH SECTOR: 
FIGU RE ( 1 89) : THE GENERAL L AYOUT OF AL MISBAH SECTOR .  
- ,  [j, 
(4) AL RUMAILAH SECTOR: 
? 
.. I I • 
. . 
: }'.  . ... 
284 
>- l� , 
/' . .  , '\ , ( ', '  \ 
" �, ' , . ,  
FIGURE ( 1 90): THE GENERAL LAYOUT OF AL RUMAILAH SECTOR.  
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F IGURE ( 1 9 1 ) : U-SHAPED LAY OUT W I TH A N ATURAL 
SURVEI LLON C E  FROM NEAR BY WINDOES 
AND DOORS IN AL RUM I LAH SECTOR 
ENHAN C E  THE DEFEN S I BL E  S PACE .  
286 
The borders or the l imits of fami ly privacy differ from one culture to 
another .the Emirate society l imit  of privacy starts from the entrance of the 
house including the perimeter of the house and the courtyard, whi le in the 
American society there is a semiprivate area in  between the public area and 
( I 1 . ) 1 20 1 2 1  pnvate area t 1 e  10use), ( FIgure 1 92 . 
S ince the personal space is  the basic mechan ism for attain ing privacy. The 
sol it ude k ind of privacy or the state of being free from the observation of others 
is  fulfi l led in  the state funded housing by (69 .2%) (Table 62 ) (F igure 1 93 , 1 94), 
and the p lace to fee l  most private is  the bedroom by ( 77 . 1 %) (Table 63) (F igure 
1 95 , 1 96) .  Thus a separate room for each member of the fami ly  i s  recommended, 
but due to the l arge number of fami ly  members and economical considerations, 
such demand couldn ' t  be ful fi l led .  This might be the reason for a (26 . 8%) of the 
users fee l  absence of private p lace in  the house, (Table 62) (F igure 1 93 , 1 94) .  
The i nt imacy k ind of privacy which is  the  state of  being wi th  another 
person but free from the outside world prevalence is  d ivided to int imacy with 
fami ly members and the other part is  int imacy with rel at ives and acquaintances. 
I nt imacy with fami ly members is tested by asking the residents, if  the 
fami ly  eat together (90 . 3%) approve (Table 64) (F igure 1 97 , 1 98 ), and the place 
to eat is the saloon by (68 . 3  %) (Table 65 )  ( Fi gure 1 99,200), whi le the meal to 
get together on is l unch by ( 5 1 . 5%), (Table 66) (F igure 20 1 ,202). Thus, the 
saloon acqu i re more importancy as the special place for fami ly  activity during 
r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
I 
I 
I 
Semi-Private : I Entrance 
I 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � I Pu blic I 
I THE PRIVACY L IMITS IN AN AMERlCAN HOUS E  
r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
I 
I 
I 
I 
I 
I 
I 
I 
Private I I 
I - - - - - - - - - - - - - - - - - - - - - -�---� 
_ _ _ _ _ _ _ _ _ _ _ _  - '_��b��c_J _ _ _ _ _ _ _ _ _ _ _ _  1 E ntrance 
I THE PRI VACY L I MITS I N  AN EMIRATE HOUSE 
F IGURE ( 1 92 ) :  A COMPAR ISON B ETWEEN THE 
PRlV ACY L IMITS IN AN 
AMERlCAN HOUSE AND AN 
EMIRATE HOU SE .  
SOl RCE DR EL SAYED El ASW \ D  .THE FOLK 1 10USE.PP70-71 
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Answer Frequency Percent 
No 69 26.8 
Yes 1 78 69.2 
M issing 1 0  4 
Total 257 1 
TA BLE (62) : IS TH E RE A PLACE IN TH E H OUSE W H E RE TH E 
OCCU PANT FEEL MOST PRIVATE? 
200 
1 80 
1 60 
1 40 
1 20 
1 00 
80 
60 
40 
20 
0 
No Yes 
o FREQUENCY 69 1 78 
ANSWER 
FIGU RE ( 1 93) :  FREQUE N CY OF W H ET H E R  T H E RE IS 
A P LACE IN T H E  HOUSE W H E RE T H E  OCCU PANT 
F EE LS MOST P RI VATE. 
' _ NO _ Yes I 
FIGUR E  ( 1 94) :  PERCENT OF THE ANSWER OF WHETHER 
THERE IS A PLACE IN THE HOUSE WHERE THE OCCUPANT 
FEEL MOST PRIVATE. 
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Place of Privacy Frequency Percent 
Bed Room 1 35 77. 1 
Saloon 20 1 1 .4 
Maj l is 8 4.6 
Office Room 5 2.9 
Courtyard 4 2.3 
M ost of Places 3 1 .7 
Total 1 75 1 
TA BLE (63) :TH E PLACE TO F E E L  MOST PRIVATE 
160.---------------------------------------------�
1 40 +-------�--�--�--�--���----�----------� 
1 20 
1 00 
80 
60 
40 
20 
o 
FREQeE�CY I 
PLACE OF PRIVACY 
FIGU RE ( 1 95) :  FREQUENCY OF T H E  P LACE TO F E E L  
MOST PRIVATE 
Bed Room • Saloon 0 Majlis 0 Office Room • Courtyard • Most of Places 
FIGURE ( 196) :  PRECENT O F  T H E  PLACE TO FEEL 
M OST PRIVATE 
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Answer Frequency Percent 
N o  23 8.9 
Yes 232 90.3 
M issing 2 0.8 
Total 257 1 
TA BLE (64): TH E N U M B E R  OF FAM ll,I ES THAT EAT TOGETH ER 
250�----------------------------------------�
50 +-----�----�------�------� 
o -+-____ .....J 
No Yes 
FREQUENCY 23 232 
N U M B E R  OF FAM I LI ES 
F IG U RE ( 1 97) : FREQU E N CY O F  T H E  N U M BE R  OF 
FAl\fl L I ES THAT EAT TOGETH E R  
I_ No • Yes I 
FIGURE ( 1 98) :TH E P E RCENT OF TH E N U M B E R  OF 
FAM I LI ES THAT EAT TOGETH E R. 
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Place to Eat Frequency Percent 
Kitchen 1 9  6.8 
Saloon 1 92 68.3 
Dining Room 56 1 9.9 
Others 1 2  4.3 
M issin� 2 0.7 
Total 28 1 1 
TA BLE (65) :TH E FAM ILY PLACE TO EAT. 
250�--------��",----��------�--------------� 
50 +---�----��� 
o 
Kitchen Saloon Dining Room Others 
I. FREQU ENCY 19 192 56 12  
PLACE TO EAT 
FIGURE ( 1 99) :  FREQU ENCY OF T H E  FAM ILY PLACE TO 
EAT. 
I_ Kitchen - Saloon 0 Dining Room 0 Others 1 
FIGU RE ( 200) : T H E P E RCENT OF T H E  FAM I LY PLACE 
TO EAT. 
29 1 
The MeaJs Frequency Percent 
Breakfast 5 1 .5 
Lunch 1 72 5 1 .5 
Dinner 88 26.3 
All 63 1 8.9 
M issing 6 1 .8 
TotaJ 334 1 
TA BLE (66) :TH E M EALS THAT FAM I LY EAT TOG ET H E R  
Dinner Al l 
88 63 
MEALS TOGETHER 
FIG URE ( 20 1 ) : FREQUENCY OF THE M EA LS THAT 
FAM ll.Y EAT TOG E T H R  
I_ Breakfast - Luncb 0 Dinner 0 All 1 
FIGU RE (202 ) :  P E RCENT OF T H E  M EALS THAT T H E  
FAMll. Y EAT TOG ET H E R  
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the day time, especial ly if one remember that the most place the fami ly spend its 
free t ime and day t ime is the saloon, (Table 33 ,  34) .  
S ince the saloon i s  present in  (2 )  out of (5 )  prototypes at AI H i l i . The 
int imacy with fami ly member is  not considered by the designer. This fact j ust ify 
the add it ion of saloon in  a l l  houses sample .  (F igure 203 ) i l l ustrate an  example .  
The int imacy with friends and acquaintances is tested by  asking the users 
about the degree of separation between the fami ly area and the women visitors, 
the answers was (26 . 8%) with accepted separation and (24 .2%) poor separation 
(Table 67 ) ( Figure 204,205). Also when they asked about the separation between 
the family  area and men visitors (2 1 .4  %) accepted and good separation (2 1 .0%) 
whi le perfect separation (Table 68) (F igure 206,207), indicat ing that mainly the 
women , relat ives and acquaintances is al lowed to get access to fami ly  area, 
whi le ,  the men visitors is separated from the fami ly area. 
These results is  consistent with the previous results in the functional usage 
part, that the saloon is used for fami ly ,  women guests, and re lat ives, whi le the 
( Maj lis)  i s  used for the men, friends acquaintance and strangers . 
However, the degree off separation between the men and women areas in  
general  i s  (29 .6  %) accepted, (23 .0  %) poor, (20 .2  0/0) poor, and the perfect 
( 8 .2 °/0) (Table 69) ( Fi gure 208,209).  The general results are too c lose, which 
m ight contradict with the previous discussion . The explanation is  that the degree 
of separation depends on the k ind of modification the user made . Also the 
( Maj lis )  the main room used for men visitors is present in  all prototypes of 
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The first addition is a saloon and 
a majlis for privacy reasons. 
S E :.F ORE MAl NT ';NeE 
�CA, E I ·  ,[ Ill 
figure (203) : THE PRIVACY IMPACT ON SAMPLE 
HOUSE NUMBER ( 16) 
Degree of Agreement Frequency Percent 
At all 40 1 5.6 
Poor 62 24.2 
Accepted 69 26.8 
Good 48 1 8.7 
Very Good 1 9  7.4 
Perfect 1 7  6.6 
M issing 2 0.7 
Total 257 1 
TA BLE (67 ) :TH E DEG R E E  OF S E PA RATION BETW E E N  T H E  FA M ILY 
AREA AND WOM E N  VISITORS A REA 
80 
70 
60 
50 
40 
30 
20 
10  
0 
At all 
FREQUENCY 40 
Poor Accepted 
62 69 
Good Very Good Perfect 
48 1 9  1 7  
DEGREE OF AGREEM E NT 
FIGURE (204): FREQUENCY O F  TH E DEGREE O F  
SEPARATION BETW E E N  T H E  FAM I LY A REA A N D  
W O M E N  VISITORS A REA 
At  all • Poor o Accepted O Good • Very Good . Perfect I 
FIGURE ( 205) :  P E RCENT OF DEGRE E O F  S E PA RATION 
BETW EEN TH E FAM I LY A REA AND T H E  WOM EN 
VISITORS A REA 
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Degree of Agreement Frequency Percent 
At aU 1 2  4.7 
Poor 25 9.7 
Accepted 55 2 1 .4 
Good 55 2 1 .4 
Very Good 5 1  1 9.9 
Perfect 54 2 1  
M issing 5 1 .9 
Total 257 1 
TA BLE (68) :  T H E  DEGREE O F  S E PA RATION BETW EE N  T H E  
FA M IL Y  A REA A N D  T HE M EN VISITORS A REA. 
60 .-----------�_,���--��------�----� 
50 �--------�--� 
�O +---------------
30 +-------�----� 
20 +-----
10 
o 
At aU Poor Accepted Good Very Good Perfect 
---+-
FREQUENCY 1 2  25 55 55 5 1  54 
DEGREE OF AGREEMENT 
FIG U RE ( 206): FREQUENCY OF T H E  DEGRE E  OF 
SEPARA nON B ETW E E N  THE FAM I LY A REA A N D  
T H E M EN VISITORS 
I_ At all • Poor 0 Accepted 0 Good • Very Good • Perfect 1 
FIGUR E  (207):  P E RCENT OF T H E  DEGREE OF 
S E PA RA TION BETW E E N  T H E  FAM I LY A R EA A N D  
T H E  M EN VISITO RS A REA 
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Degree of Agreement Frequency Percent 
At all 1 7  6.6 
Poor 52 20.2 
Accepted 76 29.6 
Good 59 23 
Very Good 3 1  1 2. 1  
Perfect 2 1  8.2 
M issing 1 0.3 
Total 257 1 
TA BLE (69) :TH E DEGREE OF SEPERA TION BETW E E N  T H E  M E N  
AND WOM E N  A REAS 
Poor Accepted 
76 
Good Very Good Perfect 
52 59 3 1  2 1  
DEGREE O F  AGREEMENT 
F I G U RE (208) :  FREQUENCY O F  TH E DEGREE OF 
SEPERATION BETW E E N  T H E  M EN A N D  WOM E N  
A REAS 
At all • Poor D Accepted D Good • Very Good • Perfect I 
FIGURE (209) :  P E RC ENT O F  T H E  DEGREE O F  
S E PE RA T I O N  B ETW E EN TH E M E N  A N D  T H E  WOME N  
A R EAS 
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Al Ain city with one fault in most of them that the fami ly entrance is used by the 
men visitors, something the social val ues refuses.  
In Al H i l i  district prototypes the same problem is  noticed , as the main 
entrance is  used for both the fami ly  and the men visitor . Thus, many additional 
entrances is added for men visitor use as i l lustrated in  the fol lowing figures and 
house sample .  ( Figure 2 1 0,2 1 1 ,2 1 2 ) . 
Most addition and modification In  the study area could be referred to 
pnvacy reasons l ike an additional entrance for men visitors or grouping a l l  the 
needed surfaces for the visitors III one location in the house or an additional 
saloon for fami ly  int imacy and abed room to enhance the feel i ng of sol i tude 
(Figure 2 1 3 ,2 1 4) .  
I n  conclusion , the privacy factor is fulfi l l ed in  the  study area due to  the 
users modifications and addit ion whi le the original houses design does not 
consider such factor . 
5 - Color :  
The aesthet ic preferences of color in  the state funded houses and the study 
area evident main ly  in the external elevations and the main entrances of the 
houses. 
The original colors of e levat ions in most areas is  gray or l ight brown .  
However most of  the  res idents have changed those colors, and i t  is very rare to 
find a house with the original color ( Fi gure 2 1 5 ,2 1 6) .  Falaj Al Mazimi sector is  
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WAL L SEPARATE THE ME 
E TRANCE T HAN THE MAIN 
HOU S E .  
FIGURE ( 2 1 2 ) :  MEN V I S I TORS ENTERANCES IN  THE 
STU DY AREA. 
30 1 
I I J 
� 
THE MODIF IED E LECTRlCAL 
ROOM. 
THE ORIGINAL ELECTRICAL 
ROOM. 
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F IGURE (2 1 3 ) : ELECTRICAL ROOM SEPERA TED FROM THE 
MAIN HOU SE FOR PRI V ACY AN D SAFTY 
REASON S .  
303 
THE P E RI METER IS RAI SED 
THE (UW AN) I N  P ROTOTYPE (C) IS  AL WAYS CLOSE D  
FIGURE (2 1 4 ) :  SOM E EXAMPLES OF MOD I F IC ATION S DU E TO 
PRIV ACY.  
• . -
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F IGURE (2 1 5 ) :  T H E  ORIGINAL COLOR OF THE ELEV A TION S  OF 
THE STUDY AREA.  
305 
D IFFERENT COLORS AND TEXTURES TN THE HOUSES E L EVATIONS. 
F IGURE (2 1 6 ) :  T H E  NEW COLOR SC H E M E  OF THE ELEV A TION S 
OF T H E  STUDY AREA. 
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the only except ion as the original red brick finishing is  re latively maintained 
because of the mun icipal ity regulations or the users content with the color 
cheme. ( Figure 2 1 7 ) . 
The new color scheme for the elevat ions varied between (white, off white 
and beige), i l l ustrat ing a h igh sense of thennal  effect not considered by the 
special ists and architects .  
Regarding main entrance, most residents prefer an  unusual mix  of  colors 
on the metal doors of the entrance, i n  order to d ifferentiate them from their 
neighbors . From an architectural point of view, it may be considered "a bad 
taste" , however th is phenomena is widely spread in AI H i l i ,  AI Ain region and 
e en in most Emirates.  The users prefer a colorful entrance as i l lustrated i n  the 
fol lowing figures ( Fi gure 2 1 8) .  
Few incidents of vandal ism and graffiti ' s  are noticed in  the  study area. 
Neverthe less, some inc idents are present as the fol lowing figures i l l ustrate 
(F igure 2 1 9,220) .  This indicates a general fee l ing of satisfaction - as relat ive 
question i l l ustrated in (Table 5 3 )  - where is the undesired colors have been 
changed to the residents satisfaction . 
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SOME MODIFICA nONS IN THE COLORS OF THE ELEVATIONS.  
F IGURE (2 1 7 ) :  THE RED BRICK FIN I SHING IN FALAJ AL M AZM I 
SECTOR. 
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THE USE OF DEFFERANT COLOR IN  THE ENTRANCE DOOR IS  A FORM OF 
I D I V I DUA UTY W HERE I T  DEFRENTIATE THE HOUSE THAN THE OTH E RS BUILDINGS. 
F IGURE ( 2 1 8 ) : COLORFU L ENTERANC E S  IN THE STUDY A REA.  
FIGURE (2 1 9 ) :  THE DAMAGE CAUSED BY A F IRE 
IGN I TED BY TEENAGERS.  
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3 1 0  
F IGURE (220 ) :  GRAFF IT IES  AND VANDAL I SM IN SOME CASES . Ij 
3 1 1 
Further test ( chi  square test ) was appl ied in order to detennme whether 
there is a difference in the sat isfact ion i ndicator among deferent income groups. 
The fol lowing table ( Table 70 ) indicates that their was a significant d ifference 
in th i s  variable v hen mea ured according to P-value of ( 0 .05)  which indicates 
more sat isfaction among higher income groups due to the econom ical abi l i ty to 
modify the hou e to their satisfact ion.  However, when the same test was appl ied 
to atIsfaction and privacy variables their was a very low correlation with a P­
val ue of ( 0.07 ) ,  indicat ing that the satisfact ion among the users is  dependant 
on their income and economical status not on their fee l ing of privacy. A P-va lue 
of ( 0 . 52 5 ) ( Tab1e 7 1  ) i s  a resul t  of the (chi  square test) for privacy and i ncome 
variables i ndicat ing  no corre lation, th is  fact contradict the hypothesis of more 
pri acy atta ined among h igh income users . 
Rows : I ncome Col umns : Sati s fac 
0 1 Al l 
1 3 4 . 6 2 6 5 . 3 8 1 0 0 . 0 0 
1 8 . 5 6 3 0 . 0 9 2 4 . 7 6 
1 8  3 4  52 
2 4 6 . 0 2 5 3 . 9 8 1 0 0 . 0 0 
5 3 . 6 1 5 3 . 9 8 5 3 . 8 1 
52 6 1  1 1 3  
3 6 0 . 0 0 4 0 . 0 0 1 0 0 . 0 0 
2 7 . 8 4 1 5 . 9 3 2 1 . 4 3 
2 7  1 8  4 5  
Al l 4 6 . 1 9 5 3 . 8 1 1 0 0 . 0 0 
1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 
9 7  1 1 3  2 1 0  
Chi - Square = 6 . 2 5 7 ; D F  - 2 ;  P -Val ue - 0 . 0 4 4  
TAB LE (70) : THE C H I  SQUARE TEST RESULTS FOR INCOME 
AN D SATISFACTION VARIABLES.  
3 1 2  
3 1 3  
Rows : Income Columns : Privacy 
0 1 Al l 
1 2 4 . 4 9 7 5 . 5 1 1 0 0 . 0 0 
2 0 . 3 4 2 5 . 1 7 2 3 . 7 9 
1 2  3 7  4 9  
2 2 7 . 9 3 7 2 . 0 7 1 0 0 . 0 0 
5 2 . 5 4 5 4 . 4 2 5 3 . 8 8 
3 1  8 0  1 1 1  
3 3 4 . 7 8 6 5 . 2 2 1 0 0 . 0 0 
2 7 . 1 2 2 0 . 4 1 2 2 . 3 3 
1 6  3 0  4 6  
Al l 2 8 . 6 4 7 1 . 3 6 1 0 0 . 0 0 
1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 
5 9  1 4 7  2 0 6  
Chi - Square = 1 . 2 9 0 ; DF - 2 ;  P -Value - 0 . 5 2 5  
TABLE (7 1 ) : THE C H I  SQU A RE TEST RESULTS FOR INCOME AND 
PRIVACY VARI AB LES.  
3 1 4  
6.0 Conclusion: 
The state funded houses m Al Ain city represents a historical 
documentation of the government plans of settl ing the Bedouins .  However its 
role have changed during the years and it gains an additional importance as the 
largest type of housing stock in the Emirate of Abu Dhab i .  
Th i s  study documents and analyzes, environmental and social impacts on 
state funded housing.  Taking Al H i l i  as a case study, many issues have surfaced. 
In order to better design th is type of housing many considerations should be 
tak ing into account .  
The most s ign ificant finding of th is  study is the i nadequate design of the 
state funded houses prototypes in  Al H i l i  di strict for natural environment 
impacts, especial ly the part concerned with reducing the heat and radiation 
effects and increasing the cool ing effect, either by using an adequate sun and 
wind orientat ions or by the help of compacted shapes of houses, even the 
bui ldmg materials and colors is not suitable for hot dry c l imates. Also, there is 
no kind of thermal insulation or any considerat ion to rain penetration . 
The social environment have the same indifference about its impact on the 
houses. I nsufficient study of the functional usage and layout led to an increasing 
addit ions and modifications by the users to cover their needs.  However the 
in flexibi l i t  of the hou e de  19n led to many modi ficat ion on  the  original design 
in order to accommodate tho e additions 
The users territorial behavior by personal izat ion i obvious due to their 
dl at l fact ion with the original design. The personal space and privacy 
re lat lve ly v isible by the present of bed rooms and a ( Maj l is )  in the original 
de Ign .  Howe er, there was insufficient number of  bed rooms to provide for the 
per onal space for every individual in the house . The lack of fami ly saloon in 
most prototypes led to the lack of fami ly  int imacy, also t he combined use of the 
entrance for men visi tors and fami ly  min imized the users fee l ing of privacy. The 
boring l i fe less color (gray) in  the exterior e levat ions is  another evidence of no 
considerat ion to the users needs and aestheti c  values. 
In concl usion, the user responsivity and environment sensit ivity is not 
considered in the original designs of the state funded houses. Therefor both the 
authorit ies and the users adapt a pol icy of modifying the deficiencies of the 
design to t heir  sat i sfact ion .  However, the lack of necessary knowledge led to 
other problems.  Thus, t he need for a special ist who understands al l the differing 
aspects of the problem and i ts main influencing factors is  a necessi ty. 
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6. 1 Environment Sensitive Recom mendations for futu re housing scheme : 
i ti ng: 
A careful t udy of the i te topography must be conducted to ut i l ize the 
topograph factor in moderat ing the undesirable c l imatic condit ions .  
The landscape and vegetat ion is  desirable for psychological and 
evaporative cool ing .  Vegetat ive ground cover can reduce ground reflectance, 
hade the earth and reduce air temperatures .  
Orientation : 
The designers m ust gIve more considerat ion to the physiological side of 
the orientation more than the psychological side . The physiological side is  more 
concerned with the thennal impacts (the sun, wind, and the temperature effects), 
the visible impacts, the sonic aspects and the respiratory organs of the users . 
However, the physiological side must not completely override the 
psychological side concerned with spatial  effects (view), the social int imacy 
(privacy)  and the urban representat ive direct ions .  
In  regard to  the  thermal impacts of  the natural environment, the designer 
m ust , at least, avoid west and south orientations (the most unsuitable 
orientat ions in hot arid c l imates) .  Natural ly, northerly orientations are the most 
preferable (sui table for s leeping area with no d irect sun l ight and minimum solar 
radiat ion ) . 
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The onentation for wmd could have a ery important thermal impact 
(cool ing effect ) .  Thus, a perpendicular orientation to the prevai l ing winds 
(Northwest orientat ion in Al Ain City) receives the ful l  bnmt of the wind force 
with maximum cool ing effect . It is a lso more desirable in simi lar c l i mates. 
However, the disadvantageous effects of the orientation for wind ( l ike 
turbulence, sandstorms, etc . )  could be easi ly manipulated by adequate 
windbreak des ign .  The wind break buffers the bui ld ing from the cold winds in 
the winter and the hot sun in  the summer and from sandy stonns whi le it 
channels the cool ing breezes toward the bui ld ing .  
The bui ld ing shape: 
Compact bui ld ing forms elongated on an E-W axis are preferable .  
General ly, keeping the vol ume to surface ratio h igh .  An interior courtyard and 
the use of green areas and a pool if possible,  is recommended. 
The Bui ld ing E nvelope : 
Fenestration : I deal orientation for openmgs shou ld be studied thoroughly in  
accordance wi th  the  microc l imate condit ions.  The seasonal natural cross 
vent i l ation should  be provided . 
The use of shading devices is not a l uxury i t  i s  considered an essential 
demand due to the harsh c l imat ic  condit ion . The exterior shading devices (the 
aggregate type) is more suitable for the hot c l imates . 
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The u e of double glazing is cost effect ive and thermal l y  effic ient . 
Smal ler window openings is recommended and the natural l ighting requires 
special design attention . 
I nsulation and therma l  mass: 
Both capacity insulation and resistance insulat ion materials are important, 
especia l ly in hot c l imates. Thermal insu lation is recommended, especia l ly in 
roofs, west side and south side of the bui ld ing  as the received value of radiation 
is very h igh .  
Providing heavy thermal mass protected by insulat ion from exterior 
temperature is essent ial . A ( 1 0  hr) t ime lag is ideal for simi lar c l imatic 
condit ion. 
Even a simple study and comparison between d ifferent (R-value and U­
value) for bu i lding materials could be cost effect ive and thennal ly effi cient 
when bui ld ing materials with ( h igh R values and low U values) is  used in 
construction . 
Color :  
The use of l ight reflect ive colors on roofs and east, west and south wal ls ,  
rejects summer heat . A greater range of choices is  possible on North elevations.  
Bright colors are preferable for visual contrast m the bright sunshine of the 
regIOn . 
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Opening and Penetration : 
A careful study of the exposure grade of the bui ld ing to rainfal l  in the site 
could lead to better design for minimum penetrat ion .  For instance, it i s  advisable 
to keep al l wal l jo ints at least 200mm from corners due to h igh exposure grade . 
The use of proper sealant between the bu i lding she l l  elements another 
important factor in prevent ing penetrat ion .  
The primary e lement of penetration in  this kind of housing is  the roof. 
Thus a carefu l study of the proper water proof material and design is essential . 
6.2 User responsive recom mendations for future housing schemes: 
Functiona l  usage and  functional  layout:  
The functional usage and functional layout i s  one of the main principles 
of arch itecture, it i s  mainly studied during the design stage . The design stage for 
most state funded houses prototypes goes back to 20 years, when the 
go ernment main goals of housing is  to sett le the Bedouins .  However those 
goa ls have changed, so did the users needs due to the changing economic and 
social c ircumstances. 
In order, to make successfu l  houses design, a study of the changing 
requ irements of the users must be reflected on a new design considering  a l l  their 
needs and aspirations .  
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One of the most important considerations in the new design is the number 
of bedroom as the fami ly  members mean is gett ing higher and in orne cases 
more than one fami ly uses the same house, there for the need for extra space 
imposes an additional bedrooms in the new design . I n  case of economical 
l imitat 10n a compromise is to maintain a large number of bedrooms and dispense 
the (Maj I i s )  with a choice of expansion on the future by the users . 
Grouping  a l l  the functional related activit ies are the way to ach ieve an 
effiCIent funct ional layout . Main ly the (Maj l is,  d in ing room, k itchen, bathrooms) 
could be close ly  re lated and separated from the main house for an efficient 
layout, privacy reasons and environmental considerat ion of adore (the k itchen) . 
Flexi bil ity: 
An addit ional condition of future design.s is the projection of future needs 
of the users . F lexibi l i ty  could be attained by an original design with mult iple 
chOIces of studied future addit ions and modificat ions .  Those addit ions should be 
cut out for each fami ly size, for example  a ( 5 )  bedroom design cou ld be 
expanded to (6-8 ) bedroom design without affect ing the spat ial design of the 
house, the environmental consideration and most importantly the privacy of the 
users . This design is  not an impossible task with carefu l and sensitive planning.  
l\l in im u m  pace requ irement per person : 
The terri torial behavior: 
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A margin of freedom In personalizing the exterior of the house must be 
al lowed to express the users taste and their territorial control over the place . 
Howe er, orne kind of control over the type of personal izat ion the users adapt 
are recommended . For example, the entrance case, there is a general 
dIS at isfact ion with its out look, thus a modification should be al lowed after 
gett ing the necessary approval from the responsible authorit ies .  An alternative is  
to design several desired shapes of entrances and i f  the resident demand a 
modification he has to choose from those designs .  
Defensible space: 
I t  is agreed that there is a h igh sense of safety and security in  the country 
I II general and Alain C ity especial ly .  However, simple protective procedure is 
recommended l ike instal l i ng  protective metal nett ing  for the exterior and interior 
windows and the use of metal doors for the entrance . Beside, adapting a U -
shape layout in  the residential area to enhance the securi ty and encourage the 
social  activit ies between the neighbors. 
The persona l  space a nd privacy : 
Privacy is  a very del icate matter it i s  a factor must be studied thoroughly 
due to the differing privacy requirements in each cu l ture . The personal space 
322 
and the feel ing of sol i tude are easi ly fulfi l led by increasing the number of 
bedrooms to provide a separate room for each individual in  the house. 
The mtimacy with fami ly members and relatives is  provided by a wi l l  designed 
saloon to accommodate all fami ly  act ivit ies l ike (eat ing, watching TV . . .  etc ), 
free from the observat ion of strangers and men visitors. The int imacy with 
friends and acquaintances is  provided by a wi l l  designed ( Maj l is)  with a separate 
entrance to protect the fami ly  privacy.  Although the number of visitor per (day, 
week, month) is  very low, a (Maj l is)  in the house could  be considered a 
necessity in  the gul f  society due to the social  requ i rements .  
Color:  
On the exterior e levations the thermal considerat ion must have the 
priority over the other factors, bright and white colors should be used, however 
the thermal requ i rements match the users preferences as noticed i n  the study 
area. 
The entrance doors coloring  is a from of personal ization wi ld ly spreaded 
even on the (V i l la)  k ind of bu i ldings .  Encouraging  such behavior is 
recommended to raise the posit ive evaluation of the p lace, to e l iminate the 
fee l ing of cold and l i fe less and boring  and to control or min imize the vandalism 
and graffit i  incidents. 
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Questionnaire 
Dear part icipant,  
We have to thank you for your cooperation as wel l  as giving us some t ime to 
answer this questionnaire. 
The questionnaire serves a research about improving the publ ic housing areas in  
Al Ain as a research requirement for Master Degree in  the sciences of the environment 
in the Faculty of Science in the U . A. E  University. 
The participation in  this questionnaire i s  voluntari ly where the data, which you 
submit, help understand the quality of the troubles which face the citizens who l ive in  
the publ ic housing areas. Therefore, it wil l be easy to set up the appropriate solution. 
Hence, any information, which you wi l l  submit will be used for the purpose of 
the scientific research only On the other hand, the identity of the participant wil l not be 
revealed 
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Per onal  Data : 
Name: . . . . . . . . . . . . . . . . . . . . . .  ( Optional) 
Place of work 
The distance between the place of work and the house ( by a medium speed- car 60 
km/h)  
Less than 5 minutes 5 - 1 0  minutes 1 1 -30  minutes more than 30 minutes 
Age: Ie than 20 20 - 40 
Education: i l l iterate 
Preparatory & Secondary stages 
4 1 - 60 
l iterate 
University education 
more than 60 
primary stage 
Higher education 
Monthly income: less than Dhs .SOOO Dhs. 5000- 1 0000 
More than Dhs. l 0000 
Do you change your house? 
I n  case of Yes 
Yes No 
How long have you been in the current house? . .  
How long did you stay in the previous? 
W here was the prev ious house located? 
The reason of leav ing the previous house: 
Area City Country 
Independence from the fami ly 
arrowness of the house 
A second marriage ( second wife) 
Decrease of the services 
Bad state of the house Distance from the p lace of work 
Furt her reasons' . . . . . . . . . . . . . . . . . . . . . . . . . " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
N um ber of the bedrooms in the current house :  . . . . . . . . .  . 
N u m ber of the bathrooms in the cu rrent house . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Where is the  kitchen located in the house? I nside ( connected with the house) 
Outside ( separated from the house i .e .  in the courtyard) 
M ark the existed room s  in the house: 
Women Maj l i s  Men Maj l i s 
Studying room Chi ldren 
Courtyard Further rooms 
Livi ngroom 
playing room 
Office 
Store 
Children 
Garage 
Fa mily data :  
The 
house? 
numbers of the family 
33 
members who live in 
H ow many families do live in the house? One more than one 
Are there any child ren ( less than 1 3  years old ) in the house? Yes No 
How many children a re there in the house? Males females 
H ow many chi ldren a re there in each room? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
the 
Are there any mem bers of the fami ly who don't live in the house? Yes No 
Where do they live? (Mention the number of the members). In  a separated house 
Outside the city Outside the country 
Are there any servants or maids in the house? Yes No 
The nu mber of the servants or maids The total number Females Males 
Where do they live in the house? Internal room (connected with the house ) 
External room( separated from the house i . e. i n  the courtyard) Some of them 
internal and others external 
Data about the activities and the social  relations:  
In  case of  paying a visit by  some relatives, you use:  
Maj I i s  fami ly  l iving room other rooms( mention them) 
In case of paying a v isit  by some guests of your friends, what do you use more? 
Maj l i s  fami ly  l iv ing room Other rooms ( mention them): . . . . . .  . 
Do foreigners v isit you? Seldom Sometimes Often 
In case of pay ing a v isit by foreigners, you use: 
M aj l i s  Family l iving room Other rooms ( mention them): . . . . . .  . 
In  case of paying a v isit  by some male guests, what  do you use? 
Maj l i s  Family  l iv ing room Other rooms( mention them) 
In case of paying a v isit  by female guests, what do you use? 
Maj li s  Fami ly  l iving room Other rooms ( mention them) . . . . . . . . . . . . . . .  . 
Appro ximate n u m ber of the guests and v isitor: Dai ly  Weekly Monthly 
Appro ximate appointments of the lad ies v isit by hour: From to ( in the 
morning) From to (in the evening). 
Approximate appointments of men's  visit by hour: From to ( in  the morning) 
From to ( in the evening) 
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\V here do  child ren play? In  their rooms In  l iving room The 
courtyard All the mentioned places Other places ( mention 
them): . . .  . . . . . . . . . . .  . 
Is there anyone who always watches them? Yes o 
Data about the da i ly activities of the fa mi ly: 
Does the fam ily have the meals together? Yes No 
W here does the family have the meals? In the kitchen I n  the l iving room 
In the dining room Other places ( mention them)' . . . . . .  . 
W hich meals is the family being together? All  
dinner 
Are you obl iged to wait  to use the bathroom? 
Breakfast 
Yes 
Lunch 
No 
Is there a place to store soap, towels . . .  etc.? In the bathroom I n  the room of 
changing clothes In another place( mention it) :  . .  . . . . . 
I s  t here enough area to redistribute the furnit u re in the bedroom? Yes No 
I s  there enough area to red istribute the furn iture in the l iving room? Yes No 
I s  there enough area to red istribute the furnitu re in M aj lis? Yes No 
Is there enough area in  the bedroom to store the clothes and the personal 
belongings? Yes No 
I s  there enough area for storing outside the house i.e. in a store or in the 
courtyard? Yes No 
If there isn ' t, w here do keep your belongings? . . 
I s  there enough area for storing inside the house? 
If there isn ' t, w here do you keep your belongings? 
Yes 
In your v iew, is t here a need for a storing room inside the house? 
W here in the house does the family spend the most of its free t ime? . 
No 
Yes No 
Where in the house does the fam ily spend the most of its day time? . .  . . .  . . .  . . .  . . .  . 
W here does the fam ily spend the least t ime? . . . . . . . . . . . . . . . . . . . . . 
Do you use the courtyard? Yes No 
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I n  ca  e of  yes, what i s  the courtyard used for? I n  agriculture As a car stop 
For chi ldren plays AlI  the mentioned things Others ( mention them) 
Data about the satisfaction about the house:  
Are you  sat isfied wi th  your  house? Yes No 
Why? . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Do you want to transfer for another house? Yes No 
In case of yes, what do prefer to be existed in the new house in comparison with the 
current house? 
Increasing the number of the rooms Bigger 
Garden e ist ing The same house but in different area 
quality of bui lding Different system of air - cond itioner 
external courtyard Al l  the mentioned things 
rooms In area 
The high 
Bigger 
Further things, you prefer to be existed ( mention them) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
H ave you got a favourite friend? Yes No 
W here does he live? The same area Outside it 
Is there outside disturbance during the n ight? Yes No 
I s  there outside distu rbance during the daytime? Yes No 
If t here is such disturbance, what is its kind? . . . . . . . .  . 
Are you comfo rtable with your neighbours in the housing area and consider them 
friends? Yes No 
In case of no, why? . .  . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  
Data about the security and safety of the house: 
Do you feel safe into your house? 
H as your house been burglarized? 
Yes No 
Yes No 
H as any neighboring house been burglarized? Yes 
Does the house have external windows (overlooking street)? 
No 
Yes No 
Do you prefer putt ing the protective netting for external w indows? Yes No 
W hy do you prefer netting for external windows? . . . . . . . . . . . .  . 
Does the house have internal veiew windows? Yes No 
Do you prefer metal screen for the internal windows? Yes No 
Why do you prefer install ing netting for the internal w indows? Yes No 
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Are there enough exits  in the house in case of fire? Yes o 
umber of exits? One eXIt Tow exits More than two 
Do you prefer more safety procedu res in your house? Yes No 
Why? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
What are your suggestions for safety procedures (aga inst fire - burglary - etc.)? 
In h ouse privacy: 
Do you think that there is complete separation between women areas and men 
areas in you r  house? 
Never In low degree In acceptable degree 
In  good degree In excel lent degree Complete separation 
Do you think that there is complete separation between fam ily areas and women­
guests areas? 
Never In low degree I n  acceptable degree I n  good degree 
In excel lent degree Complete separation 
Do you think that there is complete separation between fam ily areas and men­
guests areas? 
Never I n  low degree In  acceptable degree 
In good degree I n  excel l ent degree Complete separation 
Did you make any changes or amendments to your house? Yes No 
If yes what is the kind of these changes? 
And what is the reason behind these changes? 
Do you think that there's a place in you r  house where you feel most private? 
Yes No 
Where? . . . . . . . . . . . . . . . . .  . 
Why? 
M ention any comments opinions, or suggestions which you prefer to be in 
state house? 
Thanks for your cooperation. 
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2. 
3. 
1 7  NEW - 14 OLD 
AL RUMAll...AH 
SECTOR 
1 5  NEW - 8  OLD 
AL RUMAll...AH 
SECTOR 
22 NEW- 8 1  OLD 
AL M I SBAH 
SECTOR 
E 
B 
NOROFOLIGICA L  DIA GRAM 
30.65x24.80 M 7 6 I nternal Modification 
760. 1 2  M2 
24.60x24.60 M 3 3 1 I nternal Modification 
605 . 1 6 M2 
30.50 x30.20 M 7 7 1 I nternal Modification & 
Addition of a Bathroom 
92 1 . 1  M2 
* 
Phases: Each year their is a maintenance phase - 1 )  First phase (22/2/ 1993 - 27/2/ 1 994) For 1 5  houses. 
2) Second phase (9/ 10 / 1 993 - 3 1/5/ 1 995) For 25 houses. 
3) Third phase (25/6/ 1 994 - 28/8/ 1 995) For 40 houses. 
4) Fourth phase ( 1 5171 1 994 - Proceeding) For 1 95 houses 
5) Fifth phase (1 5171 1 995 - Proceeding) For 20 houses. 
* 
Prototype. AJ Hili  district consist of (5) prototypes (AB,C,D.E) v.lute AJ Ain city conSIst of ( 1 3 )  prototypes 
w Vl 
---
5. 
6. 
4 NE W - 96 OLD 
AL NABGHAH 
SECTOR 
6 NEW - 97 OLD 
FALAJ AL 
MAZMI SECTOR 
2 NEW - 1 3  OLD 
AL RlJMAll.,AH 
SECTOR 
B 
B 
NOROFOLIGICA L  DIA GRAM 
3 5.20x30.70 M 7 8 1 
1080.64 M2 
30.50x30.40 M 5 4 2 
927.20 M2 
30. 50x30.50 M 4 5 2 
930.25 M2 
Addition of Bedroom 
,Bathroom & store. 
I nternal Modification & 
Addition of a guest room 
(Majles). 
I nternal Modification & 
Addition of a guest room 
(Majles) ,Bathroom & 
wash. 
VJ VI Iv 
7. 
8. 
9. 
6 NEW - 200 OLD 
FALAJ AL 
MAZMI SECTOR 
8 NEW - 1 99 OLD 
FALAJ AL 
MAZMI SECTOR 
1 2  NEW - 9  OLD 
AL M I SBAH 
SECTOR 
B 
c 
NOROFOLIGICA L  DIA GRA M 
30.50x30.50 M 4 5 2 
930 25 M2 
30.50x30.50 M 5 5 2 
930.25 M2 
30.80x24.80 M 5 5 2 
763. 84 M2 
I nternal Modification & 
Addition of Kitchen 
,Store , 2Bathrooms ,wash 
& Dressing room. 
I nternal Modification & 
Addition of Kitchen & 
Store. 
I nternal Modification & 
Addition of Bedroom , 
Kitchen & 2Bathrooms. 
l;J v, VJ 
NOROFOLIGICA L  DIA GRAM 
1 0. I 2 NEW - 220 OLD B 30.50x 30.50 M 4 5 2 I nternal ModLfication & 
FALAJ AL AdditIon of a guest room 
MAZMI SECTOR 930.25 M2 (MaJ les) ,Dming room 
,Kltchen .Store 
,2Bathrooms ,wash & 
Maid Bedroom. 
1 1 . I 3 5 NEW - 1 7 0LD A 34 50x 1 8.40 M 6 6 2 I nternal Modification & 
AL RUMAlLAH Addition of Bedroom 
SECTOR 634.80 M2 , Bathroom. 
1 2. 48 NEW - 7 0LD A 24.40x24.05 M 6 4 3 Internal Modification & 
AL RUMAILAH Addition of Bedroom , 
SECTOR 586 .82 MZ guest room (Majles) 
,Kitchen ,Store & 
Bathroom. 
1 3. 2 NEW - 8 0LD A 24.40x 1 8. 30 M 5 3 I nternal Modification 
AL M ISBAH 
SECTOR 446 .52 M2 I r - I I w VI 
� 
1 5. 
1 6. 
1 7. 
5 NEW - 4 0LD 
AL RUMAILAH 
SECTOR 
2 NEW 254 OLD 
FALAJ AL 
MAZMI SECTOR 
23 NEW -230LD 
SHAREAT HILI  
SECTOR 
5 NEW- l l OLD 
AL M ISBAH 
SECTOR 
NOROFOLIGICA L  DIA GRAM 
A 24.40x24.40 M 6 4 3 
595.36 M2 
B 30.50x24.40 M 3 
744.20 M2 
c 30.80x27.40 M 8 3 
843 .92 M2 
A 24.05 x24.30 M 7 3 
584.4 1 5  M2 
Internal Modification & 
Addition of Bedroom , 
guest room ( Majles) 
,Kitchen ,Store & 
Bathroom. 
I nternal Modification 
I nternal Modification & 
Addition of a guest room 
(Maj les) & Maid 
Bedroom. 
I nternal Modification & 
Addition of 2Bedrooms 
, Kitchen , Store ,Bathroom 
& Corridor. � " I \..JJ v, VI 
43 NEW - I OLD 
AL RUMAILAH 
SECTOR 
NOROFOLIGICA L  DIA GRAM 
33 .80 x I 8. 30 M 7 3 
6 1 8 54 M2 
Addition of 2Bedrooms 
. IUtchen ,3Batbrooms & 
Comdor. 
w VI 
0'1 
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